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MEDICAL APPLICATIONS 


Hitachi’s products are not authorized for use in MEDICAL APPLICATIONS, 
including, but not limited to, use in life support devices without the written 
consent of the appropriate officer of Hitachi’s sales company. Buyers of 
Hitachi’s products are requested to notify Hitachi’s sales offices when planning 
to use the products in MEDICAL APPLICATIONS. 


When using this manual, the reader should keep the following in mind: 


This manual may, wholly or partially, be subject to change without notice. 


All rights reserved: No one is permitted to reproduce or duplicate, in any 
form, the whole or part of this manual without Hitachi’s permission. 


Hitachi will not be responsible for any damage to the user that may result 


from accidents or any other reasons during operation of his unit according 
to this manual. 


This manual neither ensures the enforcement of any industrial properties 
or other rights, nor sanctions the enforcement right thereof. 


Circuitry and other examples described herein are meant merely to indi- 
cate characteristics and performance of Hitachi semiconductor-applied 
products. Hitachi assumes no responsibility for any patent infringements 
or other problems resulting from applications based on the examples 
described herein. 


No license is granted by implication or otherwise under any patents or 
other rights of any third party or Hitachi, Ltd. 
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Quick Reference Guide 


HMCS400 Series Line up 


ZTAT Microcomputer (PROM) Mask ROM 










HD4074308* 
A/D Converter 





HD404302 | 


| | 

| | 
= HD404418 

| | 

| HD4074608 | | 
DTMF Generator so HD404608 

| LCD Controller | | 

| | 

| 


HD4074678" 
DTMF Receiver 







HD4074408, HD4074418 
Fast, with timer and 
powerful interrupt function 





















a HD404678 








ae HD4074709 
| VFD Controller te be 
Clock function 


HD4074808 
HD407L4808 
LCD Controller 


HD404708 
HD404709 











HD404808 
HD40L4808 





HD404918 
HD404919 


HD40P4919 


Highcurrent port 





EPROM on the package 
type Microcomputer 


ee HMCS400 Reg eee a, Meet eyes SEAS pen eee en ate see gee eee a 
CPU Core General Purpose Microcomputer 
HMCS424 ——: HD40P4281* 


36 1/O Powerful peripheral functions 


pins 
HMCS412 HMCS414 HD614P180 
HD614P080S 
VJ ee /HD614P0160S 
HMcS402 HMCS404 HMCS408 HD404019 
General-purpose - Large memory 


eee: HD4074008 HD4074019 
Large memory 


ZTAT Microcomputer High withstand voltage 





* ‘ Under Development 
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HMCS400 Series Application Specific Microcomputer 


Specific Feature A/D Converter Multi function Timer 
Part No. HD404302 HD4074308* HD404418 HD4074418 HD4074408 
Supply voltage (V) 5 5 5 5 5 


Operating Temperature ~20to+75 -20to+75 -20to+75 -20to+75 -20tot+75 


Range (°C) 
DP-64S FP-64, DP-64S,DC-64S  DP-64S,DC-64S 
Package ope PE MEPUE. eee FP-64,FP-64A  FP-64,FP-64A 
ROM (bits) 2048 x 10 8192 x10 8192 x 10 8192 x 10 8192 x 10 
RAM (bits) 160 x 4 160 x 4 512x4 512 x 4 512 x4 
1/O port 33 33 58 58 58 
external 2 2 6 6 6 
Interrupts 
internal 3 3 6 6 6 
8bit timer x 2 8bit timer x 4 
Timer Pegi timer/event counter feelers timer/event counter/PWM 
free running timer/watchdog timer | free-running timer/watchdog timer 
Serial Interface = _ 8bit x 2 (clock synchronous) 
A/D converter (8bit x 4 channel) PWM output 
Tone Generater 
Watchdoa Timer Watchdog timer 
Others Aue 8 high voltage ports (+12 V) (HD4074408 only) 


26 high voltage ports (40 V) 
Low power dissipation modes 
Cstop mode/standby mode 


Low power dissipation mode 
(stop mode/standby mode 


* ; Under development 
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PRELIMINARY 
Phase Lock Loop 
HD404508* HD4074509* 


DTMF Generator 
HD404608 HD4074608 


oe cre ENS emt Gn ans ee a 


5 5 5 


-20 to +75 -20to +75 -~40 to + 70 -40 to +70 


FP-80B,FP-80A FP-80B,FP-80A FP-80B FP-80B 


8192 x 10 8192 x 10 8192 x 10 16384 x 10 


512 x4 


wn 
— 
NO 
x 
LS 


1184 x 4 1184 x 4 


30 30 29 


N 
co 


5 


ol 


2 2 


4 4 


8 bit timer x 2 
20 bit timer x 1 
8-bit multiplexed w/reload, event, PWM 
8-bit multiplexed w/reload, event 
20-bit free running 


8 bit timer x 3 
free-running timer/time base 
auto-reload timer/event counter 
auto-reload timer/watchdog timer 


8-bit x 1 (clock synchronous) ' 8-bit x 2 (clock synchronous) 
1 


DTMF generator 
LCD controller/driver 
Watchdog timer 
Clock function (32 kHz crystal oscillator) 
Low power dissipation modes 
stop mode/standby mode 
watch mode/subactive mode 


1 PLL with prescalar (max 160 MHz) 
LCD controller/driver 
A/D converter (8-bit x 2 channel) 


i 
r 
1 
r 
1 
1 
IF counter (15 mHz max. input) 
1 
i 
1! 
1 
! 
1 
i 
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Specific Feature 
Part No. 


Supply voltage (V) 


Operating Temperature 
Range (°C) 


Package 


ROM (bits) 
RAM (bits) 
1/O port 


external 
Interrupts 
internal 


Timer 


Serial Interface 


Others 


* : Under development 


DTMF Receiver 
HD404678 


5 


—~20 to+75 


FP-64A 


8192 x 10 
512 x 4 
52 

4 

7 


8bit timer x 4 
free-running timer 
auto-reload timer 
event counter 
timer-output circuits 


8bit x 2 (clock synchronous) 


VFD controller/driver 


HD404708 HD404709 

5 5 

—-20 to+75 —-20 to+75 

DP-64S eee 

EP-64B FP-64B 
FP-64A * 

8192 x 10 16384 x 10 

576x 4 576 x 4 

56 56 

4 4 

5 5 

bit timer x 3 


auto-reload timer/event counter 


free-running timer/timer base 
auto-reload timer/watchdog timer 


8bit x 1 (clock synchronous) 


VFD controller /driver 


DTMF receiver Clock function (32 kHz crystal oscillator) 
Reset voltage variable function Watchdog timer 
Low power dissipation modes Low power dissipation modes 
(standby mode/stop mode stop mode/watch mode 
peek mode/subactive mode 
© HITACHI 


HD4074709 


5 


—-20 to+75 
DP-64S, FP-64A* 
FP-64B*, DC-64S 
16384 x 10 
576x4 


56 
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LCD Controller/Driver 


Quick Reference Guide 











auto-reload timer/event counter 


free-running timer/time base 
auto-reload timer/watchdog timer 


8bit x 1 (clock synchronous) 


LCD contoroller/driver 
Clock function (32 kHz crystal oscillator) 
Watchdog timer 
Low power dissipation modes 
stop mode/watch mode 
peas mode/subactive mode 





HD404808 HD4074808 High Current Port 
HD40L4808  HD407L4808 HD404918 HD404919 
5 5 5 5 
—~20 to+75 -20 to+75 —-20 to+75 ~20 to+75 
FP-80B,FP-80A FP-80B,FP-80A DP-42 DP-42 
8192 x10 8192 x 10 8192 x 10 16384 x 10 
1184x4 1184 x 4 512x4 992x4 
30 30 35 35 
2 2 2 2 
4 4 1 1 
Sbit timer x 3 

Sbit timer x 1 


(auto-reload timer/event counter 


27 high voltage ports (+ 12 V) 

8 high current port (25 mA) 

Low power dissipation modes 
(stop mode/standby mode 
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HIMCS400 Series General Purpose Microcomputer 








Part No. HMCS402AC/C/CL HMCS404AC/C/CL HMCS408AC/C/CL HMCS412AC/C/CL 
Clock Frequency (MHz) 6/4/2 6/4/2 4/4/2 4/4/2 
Supply voltage (V) 5/5/3 5/5/3 5/5/3 5/5/3 
Power operate 27/10/9 27/10/9 22.5/11.5/5.5 15/9/4 
Feeibation standby 9/6/3 9/6/3 8.5/6/2.5 7/5/2.5 
(mW) stop 0.06 0.06 0.05 0.05 
Operating Temperature _ 7 3 S 
Range (°C) 20 to+75 20 to+75 20 to+75 20 to+75 
Package DP-64S,FP-64 DP-64S, FP-64 aU Oana a 
ROM 2048 x 10 4096 x 10 8192 x 10 2048 x 10 
Memory 
RAM 160x 4 256 x4 512x4 160 x 4 
1/0 36 36 36 31 
1/0 input 6 6 6 1 
output 16 16 16 4 
external 2 2 2 2 
Interrupts timer/counter 2 2 2 1 
serial 1 1 1 = 
Timer Timer A 8bit free-running timer/counter ~ 
Timer B 8bit auto-reload timer/event counter 8bit auto-reload timer/event counter 
Serial Interface 8bit x 1 (clock synchronous) = 
Instruction execution 1.33/2/4 1.33/2/4 1/2/4 1/2/4 


time (us) 


‘Others 


Low power dissipation modes 
standby mode, stop mode 


58 1/0 pins including 26 high voltage 


Low power dissipation modes 
standby mode/stop mode 
36 I/O pins including 24 high voltage 


HMCS400 Series EPROM on the Package Type 











Part No. HD614P080S HD614P016S HD614P180 HD40P4281* HD40P42161* HD40P4919 
Supply 
voltage (V) 5 5 5 5 5 5 
Operating 
Temperature ~20 to+75 -20 tot+75 -~20 to+75 -20 to+75 -20 to+75 -20 to+75 
Range (°C) 
Package DC-64SP DC-64SP DC-42P DC-42P DC-42P DC-42P 
Equivalent HMCS402C/AC HMCS412C HD404918 
Device HMCS404C/AC HMCS408C/AC HMCS414C HMCS424C/AC HMCS424C/AC HD404919 
Mountable HN482764 HN482764 HN482764 
EPROM HN27C64 HN27C256 HN27C64 HN27C64 HN27256 HN27C256 

HN4827128 HN4827128 HN4827128 
* : Under development 
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HMCS414AC/C/CL HMCS424AC/C/CL HD4074008 HD4074019 HD404019 
4/4/2 4/4/2 8 4 4 
5/5/3 5/5/3 5 5 5 
15/9/4 16/10/3.5 22.5 TBD TBD 
7/5/2.5 8.5/6/2.5 8.5 TBD TBD 
0.05 0.05 0.05 TBD TBD 
-20 to+75 ~20 to+75 -20 to+75 -20 to+75 -20 to+75 
DP-42,DP-42S DP-42, DP-42S DC-64S ,DP-64S DC-64S, DP-64S DP-64S, FP-64B", 
FP-44A FP-44A FP-64,FP-64A FP-64B*, FP-64A* FP-64A * 
4096 x 10 4096 x 10 8192 x 10 16384 x 10 16384 x 10 
160 x 4 256 x 4 512 x 4 992x4 992x4 
31 31 36 52 52 
1 1 6 6 6 
4 4 16 ~ _ 
2 2 2 2 
1 2 2 2 
= 1 1 1 1 

8bit free-running : 
a timer/counter 8bit free-running timer/counter 

8bit auto-reload timer/event counter 

= ne 8bit x 1 (clock synchronous) 
1/2/4 1/2/4 1 1 1 





*: Under Development 


Low power dissipation modes 


standby mode/stop mode 
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CMOS 4-Bit Single-Chip Microcomputer HMCS40 Series 


Family Name 
(Type Name) 


Supply Voltage 

Power Dissipation (typ.) 

Max. 1/0 Terminal Voltage 
Operating Temperature Range *! 
Package 


ROM 
RAM 


Memory 


Registers 
Stack Registers 
4-Bit Data Input 


4-Bit Data Output 


1/O Ports Discrete Output 
4-Bit Data Input/Output 
Discrete Input/Output 
External 

Interrupts ; 
Timer/Counter 

; Number of Instructions 
Instructions 


Cycle Time 


(V) 
(mW) 
(V) 
(°C) 


(bits) 
(bits) 


(4s) 


HMCS42CL 
(HD44708) 
HMCS42C 

(HD44700) 


3/5 

0.23/1.5 

10 

-20 to+75 
DP-28, DP-28S*4 


512 x 10 
32 x 10*2 


32 x4 


52 
20/10 


HMCS43CL 
(HD44758) 
HMCS43C 

(HD44750) 


3/5 

0.24/1.5 

10 

-20 to+75 
DP-42, DP-42S*4 


1,024x 10 
64 x 10*2 


80 x 4 
6 
3 
4x1 
4x2 
32 1x12 
4x1 
1x4 
2 
1 
87 
20/10 


HMCS44CL 
(HD44808) 
HMCS44C 

(HD44801) 


3/5 

0.32/2 

10 

-20 to+75 
DP-42, DP-42S*4 


2,048 x 10 
128 x 10*? 


160x4 
8 
4 


4x4 
1x 16 
2 
1 
87 
20/10 


Built-in Clock Pulse Generator 


7 Power on Reset 
Battery Back-up 


Evaluation Chip 


No/Yes 
Halt 


HD44850E 
HD44857E 


* 1 Wide Temperature Range (—40 to+85°C) version 


is available. 
* 2 Pattern Memory 
* 3 LCD DRIVE FUNCTION 


Common 4 





LCD Segment S2 
Drive Duty 

Bias 1/2, 1/3 
Display Capability 


Static, 1/2, 1/3, 1/4 


4 x 32 Matrix (1/4 Duty) 
Expandable using the LCD Driver HD44100H. 


* 4 As for low-voltage operation version, a shrink 


package isn’t prepared. 


© HITACHI 


Yes 
No/Yes 
RAM Hold 


HD44850E 
HD44857E 


No/Yes 
Halt 


HD44850E 
HD44857E 
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HMCS45CL 


HMCS46CL 


HMCS47CL 
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(HD44828) (HD44848) (HD44868) fapiavoe LCD-Iv*? 
HMCS45C HMCS46C HMCS47C paa7oG. (HD613901) 
(HD44820) (HD44840) (HD44860) 
3/5 3/5 3/5 3/5 3/5 
0.32/2 0.32/4 0.32/4 0.36/2.4 0.9/5.0 
10 10 10 7 10 Vec +0.3 
~20 to+75 ~20 to+75 ~20 to+75 ~20 to+ 75 -20 to+ 75 
FP-54, DP-64S_ DP-42, DP-42S8"4 FP-54, DP-64S FP-80 FP-80 
ee 4,096 x 10 4,096 x 10 aa 4,096 x 10 
160x4 256 x4 256 x4 160 x 4 256 x4 
6 8 6 6 6 
4 4 4 4 4 
— = _ = a 4x1 4x1 
4x1 = - 4x1 4x1 4x1 
Aa = <a an 44 - BO se 52° = 
4x6 4x4 4x6 4x2 4x2 
1x16 1x16 1x 16 1x 16 1x16 
2 2 2 2 2 
1 1 1 1 1 
71 87 87 87 87 
20/10 20/5 20/5 20/10 20/5 
Yes 
No/Yes No/Yes No/Yes Yes No 
Halt Halt Halt Halt Halt 
gee e HD44857E HD44857E HD44797E HD44797E 
© HITACHI 
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Introduction of Packages 


Hitachi microcomputer devices include vari- 
ous types of package which meet a lot of 
requirements such as ever smaller, thinner 
and more versatile electric appliances. When 
selecting a package suitable for the cus- 
tomers’ use, please refer to the following for 
Hitachi microcomputer packages. 


Standard 
Outline 


Pin Insertion 

Type 
Shrink 
Outline 


Package Surface 
Classification Mounting Type 


Chip 
Carrier 


Flat 
Package 


1. Package Classification 

There are pin insertion types, surface mount- 
ing types and multi-function types, appli- 
cable to each kind of mounting method. Also 
plastic and ceramic materials are offered 
according to use. Figure 1 shows the package 
classification according to the mounting 
types on the Printed Circuit Board (PCB) and 
the materials. 


Plastic DIP 
Ceramic DIP 
Shrink Type Plastic DIP 


Skinny Type Plastic DIP 


Skinny Type Ceramic DIP 


PGA (Ceramic) 


PGA (Plastic) 


SOP (Plastic) 
OFP (Plastic) 


FPG (Ceramic) 


PLCC (Plastic) 


LCC (Ceramic) 


Multi. 
EPROM on the package Type 


DIP: Dual in line package 

S-DIP: Shrink Dual in line package 
SK-DIP: Skinny Dual in line package 
PGA: Pin Grid Array 

DFP: Dual Flat Package 





Figure 1. 
Circuit Board and the Materials 


OFP: Quad Flat Package 

SOP: Small Outline Package 

FPG: Flat Package of Glass 
PLCC: Plastic Leaded Chip Carrier 
LCC: Leadless Chip Carrier 


Package Classification according to the Mounting Type on the Printed 


@ HITACHI 
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Introduction of Packages 


2. Type No. and Package Code Indication 


Type No. of Hitachi 4-bit single-chip micro- 
computer device is followed by package 
material and outline specifications, as shown 
below. The package type used for each 


Type No. Indication 


device is identified by code as follows, illus- 
trated in the data sheet of each device. 


When ordering, please write the package 
code beside the type number. 


HDXXXXXS 


Note HDXXXPXXXX stands for 
Type No. of EPROM on the 


package type microcomputer 


device. 


Package Code Indication 


Package classification 
HMCS 40 series 
No Indication; Plastic DIP 
S; Shrink Type Plastic DIP 


F; OFP 
HMCS 400 series 
F; QFP 
H; OFP 
P; Plastic DIP 
S; Shrink Type Plastic DIP 
C; Ceramic DIP 





DP-64SA 





Outline 
D; DIP 
F; FLAT 













Materials 
P; Plastic 
C; Ceramic 





Number of pins 


G; Glass sealed Ceramic 


Additional outline 2 










Additional outline 1 

S; Shrink Type 

P; EPROM on the package 

SP; EPROM on the shrink 
package 








© HITACHI 
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3. Package Dimensional Outline 


Hitachi 4-bit single-chip microcomputer 


Table 1. Package List 


Mounting method 


Package classification 


Introduction of Packages 


device employs the packages shown in Table 
1 according to the mounting method on the 


PCB. 


Package material 


Package code 






































Pin insertion type Standard Outline (DIP) Plastic DP-28 
DP-42 
Ceramic DC-42 
Shrink Outline (S-DIP) Plastic DP-28S 
DP-42S 
DP-64S 
Ceramic DC-64S 
Surface mounting type Flat package QFP Plastic FP-44A FP-80 
FP-54 FP-80B 
FP-64 FP-80A 
FP-64B FP-100 
FP-64A 
FPG Ceramic FG-80 
Multi-function type EPROM on the package Ceramic DC-64SP 
type DC-42P 
© HITACHI 
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Introduction of Packages 


Plastic DIP 
. Unit : mm (inch) 


Scale : 1/1 


35.6( 1.402) 
36.5max. [2g 36.5max.(1.437max) 5] .437max.) 


= 


Lie 


13.4 
(0.528) 
14.6max. 

(0.575max.) 


| 
min 
i {0.02Umin ) 


— 2.54min. 5 Tmax 
(U 100min ) (0.224max : 


i 
| 


2.54 +£0.25 
(0.100+0.019) (00190 004. 
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Shrink Type Plastic DIP 
Unit : mm (inch) 


Scale : 1/1 
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Shrink Type Ceramic DIP 
Unit : mm (inch) 


Scale : 1/1 
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Flat Plastic Package 
Unit : mm (inch) 


Scale : 3/2 
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FP-80B 
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Flat Ceramic Package 


22 





Unit : mm (inch) 
Scale : 3/2 
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| EPROM on the package | 
Unit : mm (inch) 


Scale : 3/2 
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Reliability and Quality Assurance 


1. Views on Quality and Reliability 


Basic views on quality in Hitachi are to meet 
individual user’s purchase purpose and qual- 
ity required, and to be at the satisfied quality 
level considering general marketability. 
Quality required by users is specifically clear 
if the contract specification is provided. If not, 
quality required is not always definite. In 
both cases, efforts are made to assure the 
reliability so that semiconductor devices 
delivered can perform their ability in actual 
operating circumstances. To realize such 
quality in manufacturing process, the key 
points should be to establish quality control 
system in the process and to enhance morale 
for quality. 


In addition, quality required by users on 

semiconductor devices is going toward 

higher level as perfomance of electronic sys- 

tem in the market is going toward higher one 

and is expanding size and application fields. 

To cover the situation, actual bases Hitachi is 

performing is as follows; 

(1) Build the reliability in design at the stage 
of new product development. 

(2) Build the quality at the sources of manu- 
facturing process. 

(3) Execute the harder inspection and reli- 
ability confirmation of final products. 

(4) Make quality level higher with field data 
feed back. 

(5) Cooperate with research laboratories for 
higher quality and reliability. 

With the views and methods mentioned 

above, utmost efforts are made for users’ 

requirements. 


2. Reliability Design of Semicon- 
ductor Devices 


2.1 Reliability Targets 


Reliability target is the important factor in 
manufacture and sales as well as perfor- 
mance and price. It is not practical to rate 
reliability target with failure rate at the cer- 
tain common test condition. The reliability 
target is determined corresponding to char- 
acter of equipments taking design, manufac- 
ture, inner process quality control, screening 
and test method, etc. into cosideration, and 
considering operating circumstances of 
equipments the semiconductor device used 
in, reliability target of system, derating 
applied in design, operating condition, main- 
tenance, etc. 


2.2 Reliability Design 


To achieve the reliability required based on 
reliability targets, timely sude and execution 
of design standardization, device design (in- 
cluding process design, structure design), 
design review, reliability test are essential. 


(1) Design Standardization 


Establishment of design rule, and standardi- 
zation of parts, material and process are nec- 
essary. As for design rule, critical items on 
quality and reliability are always studied at 
circuit design, device design, layout design, 
etc. Therefore, as long as standardized proc- 
ess, Material, etc. are used, reliability risk is 
extremely small even in new development 
devices, only except for in the case special 
requirements in function needed. 


(2) Device Design 


It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially 
in the case new process and new material are 
employed, technical study is deeply executed 
prior to device development. 


(3) Reliability Evaluation by Test Vehicle 


Test vehicle is sometimes called Test Pattern. 
It is useful method for design and process 
reliability evaluation of IC and LSI which 
have complicated functions. 

1. Purposes of Test Vehicle are as follows: 

@ Making clear about fundamental failure 
mode 

@ Analysis of relation between failure 
mode and manufacturing process con- 
dition 

@® Search for failure mechanism analysis 

@ Establishment of QC point in manufac- 
turing 

2. Effectiveness of evaluation by Test Vehicle 
are as follows; 

@ Common fundamental failure mode and 
failure mechanism in devices can be 
evaluated. 

@ Factors dominating failure mode can be 
picked up, and comparison can be made 
with process having been experienced 
in field. 

@ Able to analyze relation between fail- 
ure causes and manufacturing factors. 
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@ Easy to run tests. 
etc. 


2.3 Design Review 


Design, review is organized method to con- 
firm that design satisfies the performance 
required including users’ and design work 
follows the specified ways, and whether or 
not technical improved items accumulated in 
test data of individual major fields and field 
data are effectively built in. In addition, from 
the standpoint of enhancement of competi- 
tive power of products, the major purpose of 
design review is to ensure quality and reli- 
ability of the products. In Hitachi, design 
review is performed from the planning stage 
for new products and even for design chan- 
ged products. Items discussed and deter- 
mined at design review are as follows; 
(1) Description of the products based on 
specified design documents. 
(2) From the standpoint of specialty of indi- 
vidual participants, design documents are 
studied, and if unclear matter is found, 
sub-program of calculation, experiments, 
investigation, etc. will be carried out. 
Determine contents of reliability and 
methods, etc. based on design document 
and drawing. 
(4) Check process ability of manufacturing 
line to achieve design goal. 
Discussion about preparation for produc- 
tion. 
Planning and execution of sub-programs 
for design change proposed by individual 
specialist, and for tests, experiments and 
calculation to confirm the design change. 
(7) Reference of past failure experiences 
with similar devices, confirmation of 
method to prevent them, and planning 
and execution of test program for con- 
firmation of them. These studies and 
decisions are made using check lists 
made individually depending on the 
objects. 


(3 


ww 


(5 


~~ 


(6 


=——_ 


3. Quality Assurance System of 
Semiconductor Devices 


3.1 Activity of Quality Assurance 


General views of overall quality assurance in 

Hitachi are as follows; 

(1) Problems in individual process should be 
solved in the process. Therefore, at final 
product stage, the potential failure fac- 
tors have been already removed. 

(2) Feedback of information should be made 
to ensure satisfied level of process ability. 

(3) To assure reliability required as an result 
of the things mentioned above is the 


purpose of quality assurance. 

The followings are regarding device 
design, quality approval at mass produc- 
tion, inner process quality control, prod- 
uct inspection and reliability tests. 


3.2 Quality Approval 


To ensure quality and reliability required, 
quality approval is carried out at trial pro- 
duction stage of device design and mass 
production stage based on reliability design 
described at section 2. 


The views on quality approval are as follows; 

(1) The third party performs approval objec- 
tively from the standpoint of customers. 

(2) Fully consider past failure experiences 
and information from field. 

(3) Approval is needed for design change 
and work change. 

(4) Intensive approval is executed on parts 
material and process. 

(5) Study process ability and fluctuation fac- 
tor, and set up control points at mass 
production stage. 

Considering the views mentioned above, 
quality approval shown in Fig. 1 is per- 
formed. 


3.3 Quality and Reliability Control at 
Mass Production 


For quality assurance of products in mass 
production, quality control is executed with 
organic division of functions in manufactur- 
ing department, quality assurance depart- 
ment, which are major, and other depart- 
ments related. The total function flow is 
shown in Fig. 2. The main points are de- 
scribed below. 


3.3.1 Quality Control of Parts and Mate- 
rial 


As the performance and the reliability of 
semiconductor devices are getting higher, 
importance is increasing in quality control of 
material and parts, which are crystal, lead 
frame, fine wire for wire bonding, package, to 
build products, and materials needed in 
manufacturing process, which are mask pat- 
tern and chemicals. Besides quality approval 
on parts and materials stated in section 3.2, 
the incoming inspection is, also, Key in qual- 
ity control of parts and materials. The incom- 
ing inspection is performed based on incom- 
ing inspection specification following pur- 
chase specification and drawing, and sam- 
pling inspection is executed based on MIL- 
STD-105D mainly. 
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The other activities of quality assurance are 

as follows: 

(1) Outside Vendor Technical Information 
Meeting 

(2) Approval on outside vendors, and guid- 
ance of outside vendors / 

(3) Physical chemical analysis and tes 

The typical check points of parts and mate- 

rials are shown in Table 1. 


3.3.2 Inner Process Quality Control 


Inner process quality control is performing 
very important function in quality assurance 
of semiconductor devices. The following is 
description about control of semi-final prod- 
ucts, final products, manufacturing facilities, 
measuring equipments, circumstances and 
sub-materials. The quality control in the 
manufacturing process is shown in Fig. 3 
corresponding to the manufacturing process. 
(1) Quality Control of Semi-final Products 
and Final Products 


Potential failure factors of semiconductor 


Step 


devices should be removed preventively in 
manufacturing process. To achieve it, check 
points are set-up in each process, and prod- 
ucts which have potential failure factor are 
not transfer to the next process. Especially, 
for high reliability semiconductor devices, 
manufacturing line is rigidly selected, and the 
quality control in the manufacturing process 
is tightly executed — rigid check in each 
process and each lot, 100% inspection in 
appropriate ways to remove failure factor 
caused by, manufacturing fluctuation, and 
execution of screening needed, such as high 
temperature aging and temperature cycling. 
Contents of inner process quality control are 
as follows; 

@ Condition control on individual equip- 
ments and workers, and sampling 
check of semifinal products. 

@ Proposal and carrying-out improvement 

of work 

Education of workers 

Maintenance and improvement of yield 
Picking-up of quality problems, and 
execution of countermeasures 


Contents 


“ge: : 


Specification 


Confirmation of 
Characteristics and 


F Characteristics of Material and 
oo Materials, Parts Pp 
rial A arts 
Production PPLOva Appearance 


Dimension 

Heat Resistance 
Mechanical 
Electrical 
Others 


Reliability of Materials 
and Parts 


Confirmation of Target 
Spec. Mainly about 
Electrical Characteristics 


Electrical 
Characteristics 

Function 

Voltage 

Current 

Temperature 

Others 
Appearance, Dimension 


Quality Approval (1) Reliability Test Confirmation of Quality 


Life Test and Reliability in Design 
Thermal Stress 

Moisture Resistance 

Mechanical Stress 

Others 


Reliability Test 
Process Check same as 
Quality Approval (1) 
Mass ae 
prsauaist | 


Figure 1. Flow Chart of Quality Approval 
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[Characteristics Approval | 


Confirmation of Quality 
and Reliability in Mass 
Production 
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@e Transmission of information about 
quality 


(2) Quality Control of Manufacturing Facil- 
ities and Measuring Equipment 


Equipments for manufacturing semiconduc- 
tor devices have been developing extraordi- 
narily with necessary high performance 
devices and improvement of production, and 
are important factors to determine quality 
and reliability. In Hitachi, automatization of 


Process 


Material, Parts 


Material, 
Parts 


manufacturing equipments are promoted to 
improve manufacturing fluctuation, and con- 
trols are made to maintain proper operation 
of high performance equipments and perform 
the proper function. As for maintenance 
inspection for quality control, there are daily 
inspection which is performed daily based on 
specification related, and periodical inspec- 
tion which is performed periodically. At the 
inspection, inspection points listed in the 
specification are checked one by one not to 
make any omission. As for adjustment and 


Quality Control 


Products 


Inspection of 
Material and Parts 


r---n- 


| Manufacturing 

| 

! | 

| | 
| 

. 

| ae 

| 
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| l 

I 
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100% Inspection 


fe, ee ee 


Products 
Inspection 


— ey 


' 
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I 


| 
Sere 
| 


ee eene | 


Inspection on Material and 
Parts for Semiconductor 
Devices 


Manufacturing Equipment, 


Environment, Sub-material, 


Worker Control 


Inner Process 
Quality Control 


100% Inspection on 
Appearance and Electrical 
Characteristics 


Sampling Inspection on © 
Appearance and Electrical 
Characteristics 


Reliability Test 


Quality Information 
Claim 
Field Experience 
General Quality 
Information 


Lot Sampling, 
Confirmation of 
Quality Level 


Confirmation of 
Quality Level 


Lot Sampling, 
Confirmation of 
Quality Level 


Testing, 
Inspection 


Lot Sampling 


Confirmation of 
Quality Level, Lot 
Sampling 


Feedback of 
Information 





Figure 2. Flow Chart of Quality Control in Manufacturing Process 
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maintenance of measuring equipments, 
maintenance number, specification are 
checked one by one to maintain and improve 
quality. 


(3) Quality Control of Manufacturing Cir- 
cumstances and Submaterials. 


Quality and reliability of semiconductor 
sevice is highly gee eae by caer genet 
ufac- 
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© 
a) 
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contr a ae oe Se n1 


Process 


Purchase of Material 


Wafer =a 
( ’ Surface Oxidation 


Inspection on Surface 
Oxidation 


Photo Resist 


Wafer 


Oxidation 


Photo 
Resist 
Inspection on Photo Resist 
© PQC Level Check 
Diffusion Diffusion 
Inspection on Diffusion 
© PQC Level Check 


Evapora- 
tion 


Evaporation 


Inspection on Evaporation 
© PQC Level Check 


Wafer Inspection Wafer 


Inspection on Chip 
Electrical Characteristics 
Chip Scribe 
tnspection on Chip 
Appearance 

© PQC Lot Judgement 


Chip 


Assembling Assembling 


& PQC Level Check 


Inspection after 
Assembling 


© PQC Lot Judgement 


Sealing Sealing 


© POC Level Check Marking 
Final Electrical Inspection 
© Failure Analysis 


Appearance Inspection 


Sampling Inspection on 
Products 


Receiving 


Shipment 


turing circumstances — temperature, humid- 
ity, dust — and the control of submaterials — 
gas, pure water — used in manufacturing 
process are intensively executed. Dust con- 
trol is described in more detail below. 


Dust control is essential to realize higher 
integration and higher reliability of devices. 
In Hitachi, maintenance and improvement of 
cleanness in manufacturing site are executed 


with paying intensive attention on buildings, 


Control Point 


Characteristics, Appearance 


Appearance, Thickness of 
Oxide Film 


Dimension, Appearance 


Diffusion Depth, Sheet 
Resistance 


Gate Width 


Characteristics of Oxide Film 
Breakdown Voltage 


Thickness of Vapor Film, 
Scratch, Contamination 


Thickness, VTH Characteris- 
tics 
Electrical Characteristics 


Appearance of Chip 


( 


Appearance after Chip 
Bonding 

Appearance after Wire 
Bonding 

Pull Strength, Compression 
Width, Shear Strength 
Appearance after Assembling 


Appearance after Sealing 
Outline, Dimension 


Marking Strength 


Analysis of Failures, Failure 
Mode, Mechanism 


Purpose of Control 


Scratch, Removal of Crystal 
Defect Wafer 

Assurance of Resistance 
Pinhole, Scratch 


Dimension Level 
Check of Photo Resist 
Diffusion Status 


Control of Basic Parameters 
(VTH, etc.) Cleanness of surface, 
Prior Check of Vit 

Breakdown Voltage Check 


Assurance of Standard 
Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 
Bonding 

Quality Check of Wire 
Bonding 

Prevention of Open and 
Short 


Guarantee of Appearance 
and Dimension 


Feedback of Analysis Infor- 
mation 





Figure 3. Example of Inner Process Quality Control 
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facilities, airconditioning systems, materials Table 1. 
delivered-in, clothes, work, etc., and period- 
ical inspection on floating dust in room, fall- ple) 
ing dusts and dirtiness of floor. Material, Important 
3.3.3 Final Product Inspection and Reli- jin wontol lems 
ability Assurance Wafer Apperance 
(1) Final Product Inspection Dimension 
Sheet Resistance 
Lot inspection is done by quality assurance Defect Density 
department for products which were judged Crystal Axis 
as good products in 100% test, which is final 
process in manufacturing department. Mask Appearance 
Though 100% of good products is expected, 
sampling inspection is executed to prevent DIRenslOn 
mixture of failed products by mistake of work, Resistoration 
etc. The inspection is executed not only to Gradation 
confirm that the products meet. users’ 
requirement, but to consider potential fac- Fine Apperance 
tors. Lot inspection is executed based on MIL- Wire for 
STD-105D. Wire 
Bonding Dimension 
(2) Reliability Assurance Tests Purity 
Elongation Ratio 
To assure reliability of semiconductor 
devices, periodical reliability tests and reli- 
ability tests on individual manufacturing lot Frame Appearance 
required by user are performed. 
Dimension 
Processing 
Accuracy 
Plating 
Mounting 
Characteristics 
Ceramic Appearance 
Package 
Dimension 
Leak Resistance 
Plating 
Mounting 
Characteristics 
Electrical 
Characteristics 
Mechanical 
Strength 
Plastic Composition 
Electrial 
Characteristics 
Thermal 
Characteristics 
Molding 
Performance 
Mounting 
Characteristics 
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Quality Control Check Points 
of Material and Parts (Exam- 


Point for Check 


Damage and Contam- 
ination on Surface 
Flatness 

Resistance 

Defect Numbers 





Defect Numbers, 
Scratch 
Dimension Level 


Uniformity of Gra- 
dation. 





Contamination, 
Scratch, Bend, 
Twist 


Purity Level 
Mechanical 
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Scratch 
Dimension Level 


Bondability, 
Solderability 
Heat Resistance 





Contamination, 
Scratch 

Dimension Level 
Airtightness 
Bondability, Sol- 
derability 

Heat Resistance 


Mechanical 
Strength 


Characteristics of 
Plastic Material 


Molding Perfor- 
mance 


Mounting Charac- 
teristics 
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30 


Claim 
(Failures, Information) 


Sales Dept 
Sales Engineering Dept 


Quality Assurance Dept. 


Countermeasure 
Manufacturing Dept. Design Dept. Execution of 
Countermeasure 


Failure Analysis 


Follow-up and Confirmation 
of Countermeasure Execution 


Sales Engineering Dept. 


Reply 


Customer 


Figure 4. Process Flow Chart of Field Failure 
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Reliability Test Data of Microcomputer 


1. Introduction 


Microcomputer is required to provide higher 
reliability and quality with increasing func- 
tion, enlarging scale and widening applica- 
tion. To meet this demand, Hitachi is improv- 
ing the quality by evaluating reliability, 
building up quality in process, strengthening 
inspection and analyzing field data etc.. 


This chapter describes reliability and quality 
assurance data for Hitachi 4-bit single-chip 
microcomputer based on test and failure 
analysis results. More detail data and new 
information will be reported in another reli- 
ability data sheet. 


2. Package and Chip Structure 
2.1 Package 


The reliability of plastic molded type has 
been greatly improved, recently their appli- 


Table 1. Package Material and Properties 








item Plastic DIP 

Package Epoxy 

Lead Solder dipping Alloy 42 
Die bond Au-Si or Ag paste 
Wire bond _ Thermo compression 
Wire Au 


Plastic 





cations have been expanded to automobiles 
measuring and control systems, and com- 
puter terminal equipment operated under 
relatively severe conditions and production 
output and application of plastic molded type 
will continue to increase. 


To meet such requirements, Hitachi has con- 
siderably improved moisture resistance, 
operation stability, and chip and plastic 
manufacturing process. 


Plastic package type structure is shown in 
Figure 1 and Table 1. 


2.2 Chip Structure 


Hitachi 4-bit single-chip microcomputer are 
produced in PMOS E/D technology or low 
power CMOS technology. Si-gate process is 
used in both types because of high reliability 


Plastic Flat Package 
Epoxy 


Solder plating Alloy 42 
Au-Si or Ag paste 





Thermo compression 


Au 


Chi 
Bonding wire ——— Plastic 


Figure 1. Package Structure 
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and high density. Chip structure and basic circuit are shown in 
Figure 2. 


Si-Gate P-channel “ Si-Gate CMOS 


Giles 


SiO, Source 


P-channel P-channel 
EMOS EMOS 


N-channel 
P-channel EMOS 
EMOS 





Figure 2. Chip Structure and Basic Circuit 


© HITACHI | 
32 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 





Reliability Test Data of Microcomputer 


3. Quality Qualification and Eval- 
uation 


3.1 Reliability Test Methods 
Reliability test methods shown in Table 2 are 


used to qualify and evaluate the new prod- 
ucts and new process. 


Table 2. Reliability Test Methods 








Test Items Test Condition MIL-STD-883 B Method No. 

Operating Life Test 125°C, 1000hr 1005,2 

High Temp, Storage Tstg max, 100Ohr 1008, 1 

Low Temp, Storage Tstg min, 1000hr 

Steady State Humidity 65°C 95%RH, 1000hr 

Steady State Humidity Biased 85°C 85%RH, 1000hr 

Temperature Cycling -—55°C~150°C, 10 cycles 1010,4 

Temperature Cycling —20°C~125'C, 200 cycles 

Thermal Shock O°C~100°C, 100 cycles 1011,3 

Soldering Heat 260°C, 10 sec 

Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z  2002,2 

Vibration Fatigue 60Hz 20G, 32hrs/X, Y, Z 2005,1 

Variable Frequency 20~2000Hz 20G, 4min/X, Y, Z 2007, 1 

Constant Acceleration 20000G, 1 min/X, Y, Z 2001 ,2 

Lead Integrity (DIP) 225gr, 90° 3 times 2004,3 

Lead Integrity (QFP) 225gr, 90° 1 time 2004 
HITACHI 
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3.2 Reliability Test Results Table 14, There is little difference according 
to device series, as the design and production 
Reliability Test Result of 4-bit single-chip process, etc. are standardized. 


microcomputer device is shown in Table 3 to 


3.2.1 HMCS40 Series (HMCS40 Series) 
Table 3. Dynamic Life Test 


(1) PMOS 
(Condition; —Vpp=11V, —Vdisp=50V, Ta= 125°C) 

Device Type Package Sample Size Component Hours Failure 

HMCS47A DP-64S 45 45000 0) 
FP-54 45 45000 0 

HMCS45A DP-64S 90 90000 0 
FP-54 405 405000 2 

HMCS44A DP-42 313 313000 ieee 

| DP-42S 45 45000 0 

HMCS43 DP-42 116 116000 0 
DP-42S 45 , 45000 0 

HMCS42 DP-28 106 106000 0 

Total 1210 1210000 3 


* Surface contamination 
** Aluminum metallization open 


(2) CMOS 
(Condition; Vec=5.5V, Ta =125°C) 


Device Type Package Sample Size Component Hours Failure 
HMCS47C DP-64S 90 90000 O 
FP-54 90 90000 8) 
HMCS46C DP-42 90 90000 0 
DP-42S 45 45000 0 
HMCS45C DP-64S 45 45000 6) 
FP-54 120 120000 Ve 
HMCS44C DP-42 162 162000 are 
DP-42S 45 45000 0 
HMCS43C DP-42 120 120000 0 
FP-54 90 90000 0 
HMCS42C DP-28 60 60000 0 
DP-28S 45 45000 6) 
LCD- ill FP-80 90 90000 0 
LCD-IV FP-80 90 90000 0 
Total 1182 1182000 2 


* Surface contamination 

** Aluminum metallization open 

Estimated Failure Rate=0.018%/1000 hrs at Ta=75°C for PMOS 
0.014%/1000 hrs at Ta=75°C for CMOS 

(Activation Energy 0.7eV, Confidence Level 60%) 
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Table 4. Moisture Resistance 


Plastic Package Type 

















DIP QFP 
Test Item Condition Sample Failure Sample Failure 
High Temp. 65°C 95%RH, 1000hrs 870 1 545 1 
ET UMM 85°C 95%RH, 1000hrs 220 1 165 1 
Storage 
High Temp. 85°C 85%RH, 1000hrs 205 1 185 1 
High Humidity Bias 
Pressure 121°C 2 atm, 96hrs 55 O 55 0 


Cooker Test 


Failure mode : Aluminum corrosion 6 pcs. 


Estimated Failure Rate 

in Field 

(30°C 95%RH) 
0.0125%/1000 hrs for DIP 


0.025%/1000 hrs for QFP-H-54 


OQFP-H-54 d=2.9mm max. 


c 
= 
® 
~ 
© 
i 
fe) 
_ 
= 
& 
[ong 
® 
> 
c=) 
& 
pn 
E 
> 
oO 
aN 
— 
O 
~~ 
® 
E 
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Field (30°C 95%RH) 
85°C 95%RH 


10? 103 
Absolute humidity (mm Hg) 


Moisture resistance of plastic package LSI 
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Table 5. Mechanical and Environmental Test Results 


Test Item 


High Temperature Storage 
Low Temperatuer Storage 


Temperature 
Cycling 


Thermal Shock 
Soldering Heat 


Solderability 
Mechanical 
Shock 
Vibration 
Fatigue 


3.2.2 HMCS400 Series 


Test Condition 


Ta= 150°C, 1000hrs 
Ta=-—55°C, 1000hrs 
—-55°C~25°C~150°C 
10 cycles 
O’°C~100°C 10 cycles 
260°C, 10 sec 
230°C, 5 sec 

1500G, 0.5 msec 

3 times/X, Y, Z 

60 Hz, 20G 

32 hrs/X, Y, Z 


Table 6. Dynamic Life Test (HMCS400 Series) 


(Condition : Vcc =6.0V, Tag=125°C) 


Device Type 


HMCS404 


HMCS408 


HMCS412 


HMCS414 


HMCS424 


Package Sample Size 
DIP 55 
QFP 77 
DIP 78 
QFP 55 
DIP 55 
QFP 32 
DIP 55 
QFP 32 
DIP 55 


DIP Type QFP Type 
Sample Failure Sample Failure 
43 0 53 0 
50 0) 40 0 
1637 0) 1514 O 
150 0 100 0 
140 0 160 O 
34 0 34 O 
45 0) 45 0 
120 0 45 0 

Component Hours Failure 
55,000 0 
77,000 0 
78,000 6) 
55,000 0 
55,000 ¢) 
16,000 0 
55,000 0 
32,000 0 
55,000 0 
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Table 7. Moisture Resistance (HMCS400 Series) 


(1) High Temp. High Humidity Storage 









































Device Type Package Candition 168 hrs. 500 hrs. 1000 hrs. 
HMCS404 DIP 65°C 95%RH 0/176 0/176 0/176 
QFP 65°C 95%RH 0/176 0/176 0/176* 
HMCS408 DIP 65°C 95%RH 0/45 0/45 0/45 
DIP 85°C 95%RH 0/45 0/45 0/45 
QFP 65°C 95%RH 0/116 0/116 0/116 
QFP 85°C 95%RH 0/70 0/70 0/70 
HMCS412 QFP 65°C 95%RH 0/50 0/50 0/50 
QFP 85°C 95%RH 0/50 0/50 0/50 
* Aluminum Corrosion 
(2) Pressure Cooker Test 
(Condition : 121°C, 2 atm.) 
Device Type Package 40 hrs. 60 hrs. 100 hrs. 
HMCS404 DIP 0/45 0/45 0/45 
QFP 0/45 0/45 0/45 
HMCS408 DIP 0/22 0/22 0/22 
QFP 0/45 0/45 0/45 
HMCS412 QFP 0/45 0/45 0/45 
(3) High Temp. High Humidity Bias 
(Condition : 85°C, 85%RH, Vcc =5.5V) 
Device Type Package 168 hrs. 500 hrs. 1000 hrs. 
HMCS404 DIP 0/32 0/32 0/32 
QFP 0/22 0/22 0/22 
HMCS414 DIP 0/22 0/22 0/22 
QFP 0/22 0/22 0/22 —— 
HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 37 





Reliability Test Data of Microcomputer 


Table 8. Temperature Cycling (HMCS400 Series) 


Device Type Package 10 cycles 100 cycles 200 cycles 
HMCS404 DIP 0/295 0/90 0/90 

OFP 0/210 0/45 0/45 
HMCS408 __ DIP 0/90 0/45 0/45 

OFP 0/45 0/45 0/45 
HMCS412 DIP 0/287 0/77 0/77 

OFP 0/45 0/45 0/45 
HMCS414 DIP 0/77 0/77 | 0/77 

QFP 0/45 0/45 0/45 
HMCS424 DIP 0/45 0/45 0/45 


Table 9. High Temp. Low Temp. Storage (HMCS400 Series) 


(1) High Temp. Storage (Condition : 150°C) 


Device Type Package 168 hrs. 500 hrs. 1000 hrs. 
HMCS404 DIP 0/22 0/22 0/22 

QFP 0/22 0/22 0/22 
HMCS408 DIP 0/22 0/22 0/22 

QFP 0/22 0/22 0/22 
HMCS414 DIP 0/22 0/22 0/22 


(2) Low Temp. Storage (Condition : —55°C) 





Device Type Package 168 hrs. 500 hrs. 1000 hrs. 
HMCS404 OFP 0/22 0/22 0/22 
HMCS408 DIP 0/22 0/22 0/22 
OQFP 0/22 0/22 0/22 
HMCS414 DIP 0/22 0/22 0/22 
© HITACHI 


38 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 





Reliability Test Data of Microcomputer 


3.2.3 4-bit ZTAT 
Table 10. Dynamic Life Test (ZTAT) 


(Condition : Vec=6.0V, Ta=125°C) 


Device Type Package Sample Size Component Hours 
HD4074008 DIP (ceramic) 55 55,000 

DIP 55 55,000 
HD4074408 DIP (ceramic) 55 55,000 

DIP 100 100,000 

QEP 32 32,000 


Table 11. Moisture Resistance (ZTAT) 


(1) High Temp. High Humidity Storage 


Device Type Package Condition 168 hrs. 500 hrs. 
HD4074008 DIP 65°C 95%RH 0/77 0/77 
QFP 65°C 95%RH 0/55 0/55 
85°C 95%RH 0/49 0/49 
HD4074408 DIP 65°C 95%RH 0/116 0/116 
QFP 65°C 95%RH 0/45 0/45 
85°C 95%RH 0/26 0/26 


(2) Pressure Cooker Test 
(Condition : 121°C, 2 atm.) 


Device Type Package 40 hrs. 60 hrs. 

HD4074008 DIP 0/22 0/22 
QFP 0/22 0/22 

HD4074408 DIP 0/45 0/45 
QFP 0/22 0/22 


Table 12. Temperature Cycling (ZTAT) 


(Condition : —55°C~150°C) 


Device Type Package 10 cycles 100 cycles 
HD4074008 DIP 0/150 0/45 
QFP 0/100 0/45 
HD4074408 DIP 0/120 0/45 
QFP 0/130 0/45 
© HITACHI 


Failures 


OoO;O}] © 


1000 hrs. 
0/77 
0/55 
0/49 
0/116 
0/45 
0/26 


100 hrs. 


0/22 
0/22 
0/45 
0/22 


200 cycles 


0/45 
0/45 
0/45 
0/45 
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Table 13. High Temp. Low Temp. Storage (ZTAT) 


(1) High Temp. Storage 
(Condition : 150°C) 








Device Type Package 48 hrs. 168 hrs. 500 hrs. 1000 krs. 
HD4074008 DIP (ceramic) 0/221 0/35 0/35 0/35 
DIP 0/79 0/79 0/79 0/79 
QFP 0/189 0/45 0/45 0/45 
HD4074408 DIP (ceramic) 0/255 0/104 0/104 0/104 
DIP 0/260 0/44 0/44 0/44 
“OFP 0/103 0/32 0/32 0/32 





(2) Low Temp. Storage 
(Condition : —55°C) 


Device Type Package 168 hrs. 500 hrs. 1000 hrs. 
HD4074008 DIP 0/22 0/22 0/22 
QFP 0/22 0/22 0/22 
HD4074408 DIP 0/22 0/22 0/22 
QFP iti sti i 


Table 14. Mechanical and Environment Test Results (HMCS400 Series) 








DIP QFP 
Test Item Condition Samples ___ Failures Samples ___ Failures : 
Thermal Shock O'C~100'C, 10 cycles 210 0 150 0 
Soldering Heat 260°C, 10 sec 246 0 86 O a 
Solderability 230°C, 5 sec, Rosin flux 132 0 88 O  — 
Salt Water Spray 35°C, NaCl 5%, 24 hrs. 110 0 66 0 
Drop Test 75cm, maple board 3 times 44 0 40. 0 oo 
Lead Integrity Streching, 250g, 30 sec. 60 O 40 0 
Banding, 225g, 90°, 3 times 160 0 22 0 | 
€@ HITACHI 
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4. Precaution 
4.1 Storage 


It is preferable to store semiconductor 

devices in the following ways tc prevent 

detrioration in their electrical characteristics, 

solderability, and appearance, or breakage. 

(1) Store in an ambient temperature of 5 to 
30°C, and in a relative humidity of 40 to 
60%. 

(2) Store in aclean air environment, free from 
dust and active gas. 

(3) Store in a container which does not 
induce static electricity. 

(4) Store without any physical load. 

(5) If semiconductor devices are stored for a 
long time, store them in the unfabricated 
form. If their lead wires are formed 
beforehand, bent parts may corrode dur- 
ing storage. 

(6) If the chips are unsealed, store them ina 
cool, dry, dark, and dustless place. 
Assemble them within 5 days after 
unpacking. Storage in nitrogen gas is 
desirable. They can be stored for 20 days 
or less in dry nitrogen gas with a dew 
point at —-30°C or lower. Unpacked 
devices must not be stored for over 3 
months. 

(7) Take care not to allow condensation dur- 
ing storage due to rapid temperature 
changes. 


4.2 Transportation 


As with storage methods, general precau- 
tions for other electronic component parts are 
applicable to the transportation of semicon- 
ductors, semicoductor-incorporating units 
and other similar systems. In addition, the 
following considerations must be given, too: 

(1) Use containers or jigs which will not 
induce static electricity as the result of 
vibration during transportation. It is 
desirable to use an electrically conductive 
container or aluminium foil. 

(2) In order to prevent device breakage from 
clothes-induced static electricity, workers 
should be properly grounded with a 
resistor while hadling devices. The resis- 
tor of about 1 M ohm must be provided 
near the worker to protect from electric 
shock. 

(3) When transporting the printed circuit 
boards on which semiconductor devices 
are mounted, suitable preventive mea- 
sures against static electricity induction 
must be taken; for example, voltage built- 
up is prevented by shorting terminal cir- 
cuit. When a belt conveyor is used, pre- 
vent the conveyor belt from being elec- 


trically charged by applying some surface 
treatment. 

(4) When transporting semiconductor 
devices or printed circuit boards, mini- 
mize mechanical vibration and shock. 


4.3 Handing for Measurement 


Avoid static electricity, noise and surge-volt- 
age when semiconductor devices are mea- 
sured. It is possible to prevent breakage by 
shorting their terminal circuits to equalize 
electrical potential during transportation. 
However, when the devices are to be mea- 
sured or mounted, their terminals are left 
open to provide the possibility that they may 
be accidentally touched by a_ worker, 
measuring instrument, work bench, soldering 
iron, belt conveyor, etc. The device will fail if 
it touches something which leaks current or 
has a static charge. Take care not to allow 
curve tracers, synchroscopes, pulse genera- 
tors, D.C. stabilizing power supply units etc. 
to leak current through their terminals or 
housings. 


Especially, while the devices are being test- 
ed, take care not to apply surge voltage from 
the tester, to attach a clamping circuit to the 
tester, or not to apply any abonormal voltage 
through a bad contact from a current source. 


During measurement, avoid miswiring and 
short-circuiting. When inspecting a printed 
Circuit board, make sure that no soldering 
bridge or foreign matter exists before turning 
on the power switch. 


Since these precautions depend upon the 
types of semiconductor devices, contact 
Hitachi for further details. 


4.4 Soldering 


4.4.1 Methods and Standard Conditions for 
Soldering 


Table 15 lists the major methods for soldering surface 
mount packages. The methods can be grouped into 
two broad categories: partial heat application meth- 
ods whereby the outer leads are heated, and overall 
heat application methods by which the PCB assem- 
bly including the packages, are heated. 


The standard conditions with brief descriptions of 
each method are given in 4.4.1.1 and 4.4.1.2. When 
selecting the best method, consider all advantages 
and disadvantages. Refer to the recommended 
method in 4.4.2 for each particular package type. 
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Table 15. Methods for Soldering Surface Mount Packages 


42 


Partial 
Heat 
Appli- 
cation 
Methods 









Manual soldering 


Pulse heater solder 





soldering 


Hot air soldering 


Refer- 











Soldering iron 


a en 


Pulse current 











Heater 





f }— Hot air blower 
oe oem Le 


Cee eeeeeecnmmamemneed 












Laser soldering 


i Laser beam 


7, a 



















Overall 
Heat 
Appli- 
cation 
Methods 


Infrared reflow soldering 


Oo0o-— Infrared ray heater 4.2.2 


oa 
<——==.. 
Se 

















Vapor phase 
reflow soldering 








Dip soldering 











Cooling oil 
Saturated vapor 
Inert fluid 

~~ Heater 








Wave solder 
(solder vessel for surface mounting) 










Furnace soldering 
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4.4.1.1 Partial Heat Application Methods 


Manual Soldering: A package is fixed to the predeter- typically 0.5 Mm or less in diameter. Soldering time 
mined position with flux or adhesive. With the pack- should be three seconds or less per pin. Table 16 
age heldin place, the leads are soldered. A pointed tip shows tvpical processes for soldering an OFP. 


iron at 950°C is used with solder in narrow wire form 


Table 16. Typical Processes for OQFP Soldering 


Presoldering 1. Solder-sip the footprint on the board. 


2. Remove all bridges developed in dipping. 
PS Older 


Positioning and temporary fixing 


dak 


Fix by soldering. 















. Align the index markings. 
2. Place a package on the footprint. 


3. Check that the leads on four sides have been 
placed accurately on the footprint. 
4. Fix four corners of the package by soldering. 


Any bridges between leads may be left as 
they are. 















Board 











. Using a brush, apply flux (rosin-based) to the 
leads and pattern. 

2. Put a small quantity of flux into a container for 
use in each short session of flux application 
(approx. 4 hours). | 





Flux application 








3. At the end of each applying session, discard 
all the flux left in the container. Do not mix 
residual with replenished flux. 









Soldering 






. Move the soldering iron across leads while 
melting the solder. 











Solder 
LSI \ Soldering LSI | 
Iron 
Board 









Solder lron tip 





Move soldering iron this way. 
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Pulse Heater Soldering: (source: Textbook for In- 
ternepcon JAPAN Seminar No 10, Jan. 26, 1985). A 
pulse current is allowed to flow in a heater chip (col- 
let). As Joule heat develops and flows in the chip, a 
prepared solder piece is melted instantaneously and 
pressed onto the required position by the chip. This 
method is noted for a minimum rise in temperature of 





the entire package, but may not be suitable for mass 
production. It is suited for packages with their leads 
extending outward (gull-wing type), but not for those 
with leads bent inward (J-bend leads). Figure 13 
shows typically structures of heater chips, and Table 
17 lists representative conditions for pulse heater sol- 
dering. 


TC: thermocouple 


TC 


Figure 3. Typical Heater Chip Structures 


Table 17. Typical Conditions for 
Pulse Heater Soldering 


item Condition 
Heating temperature 100-—260°C 
Heating Time 5-10 sec. 
Cooling Time 5-10 sec. 
Soldering Pressure 8-28 kg* 
Stroke 50 mm 


*: From a compressed-air source of 4 kg/cm2 
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Hot Air Soldering: Air or nitrogen gas is heated, and thermal conductivity and heat capacity. It is difficult 
hot blasts are applied through a nozzle to melt-solder to apply hot air under stabilized conditions. Figure 4 
devices in place. This method requires gas at high sketches a hot air soldering setup, and table 18 lists 
flow rates because gas as a heat medium has low typical conditions for hot air soldering. 
Air or nitrogen gas Heater 
| Quartz glass 


Hot air 
Vien 


«=——— Solder paste 


PCB 


Footprint 


Figure 4. Setup for Hot Air Soldering 


Table 18. Typical Conditions for Hot 


Air Soldering 


item 

Hot Air temperature 

Air Flow Rate 

Soldering Time* 

Cooling Time 

*: Duration of hot air application 


Condition 
230-260°C 
25-30 é/min. 
3-10s 

5-10 s 
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CO, type since is provides higher heat exchange ef- 
fectiveness over the metal surface to be soldered and 
a lower absorption factor for the board than the CO, 


Laser Soldering: (source: Textbook for Internepcon 
JAPAN Seminar No. 10, Jan. 26, 1985) A laser beam is 
applied to the target position to melt solder. Laser 
sources include a ruby type, YAG (yttrium aluminum laser. 

garnet) type, glass-fixed laser, and CO, (carbon diox- Figure 5 illustrates a typical YAG laser soldering ar- 
ide gas) laser. Currently, CO, and YAG lasers are used. rangement. The YAG laser output in continuous oscil- 
Table 19 compares the characteristics of the two laser lation is from 50 W to 600 W depending on the lamp 
types. The YAG laser may be more suitable than the Capacity and the volume of YAG crystal. 


Table 19. Comparing the CO, Laser and YAG Laser Characteristics 


Polyimide Substrate Tin-lead Solder Initial Investment Laser Efficiency 


CO, Laser 2% in reflection factor 74% in reflection factor 1 20-25% 
(10.6 pm) (98% in absorption factor) (26% in absorption factor) 

YAG Laser 27% in reflection factor 21% in reflection factor 2 1% 
(1.06 um) (73% in absorption factor) (79% in absorption factor) 


Camera 


Cross hairs 
= Relay lens 


isl a tchvoLe mirror 


Light source 


for adjusting 


if Beam expander Reflecting mirror 
optical axis 


C _) Condenser lens 
Target material 


ff ————F*™—? 
(LLLLLLLLLLLLLL LL 
Laser beam 





Figure 5. Typical YAG Laser Soldering Arrangement 
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4.4.1.2 Overall Heat Application 
Methods 


Infrared Reflow Soldering: The infrared ray from a hal- 
ogen lamp is condensed by a reflecting mirror into a 
hot beam for soldering. Because both point and line 
ray sources can be used, this method allows a large 
number of packages to be soldered at the same time. 
It is therefore suitable for mass production. 


Infrared rays are divided into three groups: far infrared 
radiation (y = 5.6-1000 pm), intermediate infrared 
radiation (y = 1.5-5.6 wm) and near infrared radiation 
(y 0.7-1.5 pm). In many infrared ray reflow soldering 
setups, the preliminary heater emits far infrared (or 
intermediate) rays infrared and the main heater re- 
leases near infrared (or immediate) rays. 


Reflow conditions vary with the package shape, 
board configuration and soldering equipment. Figure 
6 shows an example of infrared ray reflow soldering 
conditions for IC/LSI packages. The temperature 
measurement point in infrared reflow soldering varies 
depending on the package type and application chip. 
At Hitachi, the criteria for determining the position 
are set forth as follows: 


140~160°C 
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Figure 6. Typical Conditions for Infrared 
Reflow Soldering 





e For temperature measurement on the package sur- 
face, the measuring position is a MOS package 
that incorporates a relatively large chip. 


e For measurement on the board or lead surfaces, the 
measuring position is a bipolar package that incor- 
porates a relatively small chip. 


e Where MOS and bipolar packages coexist, the tem- 
perature is to be measured on MOS package sur- 
faces. 


Since plastic molded surface mount packages are 
black, the portion exposed to infrared rays readily ab- 
sorbs heat, boosting the temperature of that portion 
higher than that of the leads. This problem is by- 
passed by two measures: cooling the package during 
reflowing, or placing a white metal reflector on the 
surface of the package to subdue the energy absorp- 
tion and created a lower temperature inside the pack- 
age. Figure 7 illustrates a typical temperature profile 
when a reflector is used. 
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Figure 7. Typical Temperature Profile with 
Reflector Used 


@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


47 





Reliability Test Data of Microcomputer 


oN 
oO 
° 
ww 
cv 
SI 
3 
J 
0) 
u 
cD) 
a 
a) 
E4 


0 
be 2 —5 ef 15= 

(min. ) Ms) 
Time 





Figure 8. Example of Temperature Profile 


Table 20. Typical Reflow Conditions 


item FPAK, UPAK DPAK 
Soldering Temperature (board 230-260°C (reference solder melting 220°C max. 
temperature) point + 50°C) 
Soldering Time 15-20 sec. 40 s. max. 
Preheating Temperature 100-150°C 160°C 
Preheating Time 2-5 min. 5 min. 
Vapor Phase Reflow Soldering: A special high boiling ¢ Numerous components of different shapes can be 
point solvent (for example fluorocarbon type) is subjected to simultaneous reflow soldering. The 
heated to generate a vapor layer. As the entire board is use of solvent vapor permits reflow soldering at 
passed through the layer, the latent heat of vaporation multiple positions simultaneously that eliminate 
causes the solder to reflow. This method offers the most constraints from different component shapes. 
following advantages: This feature applies particularly to J-bend type de- 
vices whose leads are partially located under the 
e The temperature can be kept constant. Since the package 
solvent vapor is used, the reflow temperature is de- , 
termined by the boiling point of the solvent to elimi- e The inert reflow atmosphere prevents solder oxida- 
nate the likelihood of overheating. tion or flux baking. Any residual flux can be readily 


removed by conventional techniques. 
e Damage to components and boards can be avoided : ? 


due to virtually uniform thermal conduction re- Figure 9 shows typical conditions for vapor phase 
gardless of the configuration of the solderable as- reflow soldering. 
semblies. 
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Temperature (°C) 


150~ 190°C 
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15" C7 Ss. 





Time (s) 


Figure 9. Typical Conditions for Vapor Phase Reflow Soldering 


Table 21. Properties of Solvents for Vapor Phase Reflow Soldering (source: 
manufacturers catalogs) 


Product Name 
Manufacturer 


Distributor 
Molecular Formula 


Molecular Weight 
Boiling Point (°C) 
Specific Gravity 
(g/mé) 


Vapor Pressure 
(mmHg) 


Specific Heat 
(cal/°C.g) 


Thermal Conductivity 


(cal/g.°C.s) 


Surface Tension 
(dyne/cm) 


PFIB Generation 


FC-70 
3M (U.S.A.) 


Sumitomo 3M 


(CoF44)3N 
Tributylamine 


820 
215 
1.94 


<0.1 
0.25 

1.6 x 10-4 
18 


Less than 5 ppm in 
solvent, less than 
0.03 ppm at opening 


FC 5311 
ISC Chemical (UK) 


Sumitomo 3M 


624 
215 
2.03 


<0.1 

0.25 

1.26 x 10-4 
19 


<1 ppb 


© HITACHI 


GALDEN LS230 


Montefiuos S.P.A. 
(Italy) 


Montedison Japan 
CF3 


GALDEN HS260 


Montefluos S.P.A. 
(Italy) 


Montedison Japan 


CF .3~—(O—CF-CF 5)n—(O—CF 5)m—-OCF 
Perfloralkyl-polyether 


800 
220-235 
1.824 


5 x 10-3 
0.24 

1.67 x 10-4 
18 


<0O.5 ppb 


900 
250-265 
1.840 


5 x 10-4 
0.24 

1.67 x 10-4 
18 


<0.5 ppb 
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Figure 10 sketches two types of vapor phase reflow 
soldering equipment (in-line and batch type), and ta- 
ble 9 lists the properties of solvents available for vapor 
phase reflow soldering. The in-line type is suited for 
mass production, and the batch type for low or me- 
dium production as well as for research and develop- 
ment purposes. Both types need adequate ventilation 
during operation. Consult the equipment. manufac- 
turer, material vendor and appropriate occupational 
operating standards for ventilation requirements. 


Dip Soldering: A package is fixed temporarily on the 
board by adhesive. With the component side facing 


Elevator 


Ventilation 


Secondary 
cooling coil ~ 
Primary 
cooling coil 
Filter 
Heat exchanger 


downward, the package is passed through molten 
solder. Figure 11 depicts the process flow for dip- 
soldering 18- and 28-pin MSPs. Compared with reflow 
methods, this method exerts extremely high thermal 
stress on semiconductor chips. Adverse effects from 
the stress should be avoided by providing a preheat- 
ing zone to soften thermal shock and minimizing the 
soldering time. Figure 12 shows a typical temperature 
profile for dip soldering. 


Hous ing 


w-Access port 


G = 
y7Secondary/4 
ysteam layer, 
Primary NV 
team layer 


Inert fluid 


Structure of Batch Type Equipment 


Exhaust 
system 


In-line System 


Configuration (source: 


Chiller 
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_ Filtering 


Catalog of Hitachi Technoengineering, Ltd.) 





Figure 10. Vapor Phase Reflow System 
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Figure 11. Flow of Process for Solder-Dipping 18- and 28-Pin MSPs 
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Figure 12. Temperature Profile of Solder-Dipped Soldering 
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Furnace Soldering: (source: technical information 
from Senju Metal Co.) The PCB is placed on a thin 
heat resistant belt. As the PCB advances, the belt is 
heated from below by hot plates to reflow the solder. 
This method provides high processing capacity, and 
the equipment required is relatively inexpensive. This 


Heat-resistant 


method, however, is not suitable for boards with low 
resistance to heat, poor thermal conductivity or com- 
plicated shapes. Figure 13 outlines a typical furnace 
soldering setup, and Figure 14 depicts a typical tem- 
perature profile of this method. 


Cooling fan 


Direction 
of movement 


Main heater 


Preheater 





Figure 13. Furnace Soldering Setup 
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Figure 14. Typical Temperature Profile of Furnace Soldering 
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4.4.2 Recommended Mounting 
Methods for Each Package Type 


Table 22 lists the recommended mounting methods 
for each of the package types now on the market. 


When determining conditions for the mounting 
method selected, refer to the temperature profile ex- 
amples in 4.2 and the notes in 4.4. The symbols used 
in the table have the following meanings: 


© (suitable); Use this method by considering the 
temperature profile inside the package, tempera- 
ture rise gradient, change in soldering conditions, 
and solderability. 


x (unsuitable): Do not use this method. 


The soldering methods are divided into the three 
groups above with emphasis placed on thermal stress 
on components and solderability. Productivity and 
the costs also be analyzed. 


Notice that methods are recommended for each pack- 
age type. Where different package types coexist, se- 
lect the soldering method suitable for the package 
type most vulnerable to thermal stress. 


Table 22. Recommended Mounting Methods for Each Package 





ICILS!I Packages Discrete Packages 
QFP PLCC/ QFP 
Mounting Methods (plastic) SOP MSP SOJ (ceramic) LCC MPAK UPAK FPAK DPAK LLD SRP 

8 Sy Manual Soldering O O O oO O x O O O oO O O 
= 8 E Pulse Heater Soldering  O O x x O x O O O O O O 
+= 2 s Hot Air Soldering O O O O O O O O O O O O 
a < taser Soldering O O O O O x O O O O O O 

Infrared Reflow 
8 oe Soldering O O O O Oo O O O O O O O 
I % 8 Vapor Phase Reflow 
® £ & Soldering O O O O O O O O O O O O 
3 a = Dip-soldering x Note 1 Note 2 x x x O O O x Note3 O O 

Furnace Soldering O O O O O O O O O O O O 


2 
2) 
= 
@ 
n 


Recommended, or possible for MSPs with 44 or more pins. 


1. | Recommended for SOPs with 20 pins or less, but unsuitable for SOPs with 24 or 28 pins. 


2 
3. Methods indicated as unsuitable may apply depending on the specific product. For more information, consult your Hitachi representative. 
4 


(O : Suitable; x : Unsuitable) 
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4.5 Removing Residual Flux 


To ensure the reliability of electronic systems, 
residual flux must be removed from circuit 
boards. Detergent or ultrasonic cleaning is 
usually applied. If chloric detergent is used 
for the plastic molded devices, package cor- 
rosion may occur. Since cleaning over 
extended periods or at high temperatures 
will cause swollen chip coating due to solvent 


permeation, select the type of detergent and 

cleaning condition carefully. Lotus Solvent 

and Dyfron Solvent are recommended as a 

detergent. Do not use any trichloroethylene 

solvent. For ultrasonic cleaning, the following 

conditions are advisable: 

@® Frequency: 28 to 29 kHz (to avoid device 
resonation) 

@ Ultrasonic output: 15W/ £ 

@ Keep the devices out of direct contact 
with the power generator. 

@ Cleaning time: Less than 30 seconds 
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ZTAT MCU On-Chip PROM Characteris- 
tics and Precautions 


Principles of Programming/Erasing: The 
ZTAT micros’ memory cells are the same as an 
EPROM's. Therefore they are programmed by 
applying high voltage to control gates and 
drains, which injects hot electrons into the 
floating gate. They are stable, surrounded by an 
energy varrier of SiO, film. Such a cell becomes 
a 0 bit due to the memory threshold voltage 
change. A cell with no condensed electrons at 
its floating gate appears as a 1 bit (figure 15). 


The electron charge in memory cells may 


Control gate 


Floating gate 
1/7 : 
Source Drain 


a 


Programming (0) 





decrease as time goes by. This can be caused 
by: 


- Ultraviolet light: discharged by photo- 
emitted electrons (erasure principle) 

- Heat: discharged by thermal emitted elec- 
trons 

- High voltage: discharged by a high electric 
field at the control gate or drain 


If the oxide film covering a floating gate is 
defective, the erasure rate is great. Normally, 
electron erasure does not occur, because such 
defective devices are found and removed 
during testing. 


Control gate 


Floating gate 


Drain 


Erasing (1) 


Figure 15. Cross-section of EPROM Memory Cell 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 55 








Reliability Test Data of Microcomputer 


Programming Precautions: The EPROM 
memory cells should be programmed under 
specific voltage and timing conditions. The 
higher the program voltage and the longer 
the program pulse is applied, the more elec- 
trons will be injected into the floating gate. 
However, if an overvoltage is applied to Vpp, 
the p-n junction may be permanently 
damaged. Pay particular attention to PROM 
programmer overshoot. Negative voltage 
noise will cause a parasitic transistor effect, 
which may reduce break-down voltage. 


The ZTAT micros are connected electrically 
to the PROM programmer through a socket 
adapter. Therefore, pay attention to the fol- 
lowing: 


- Confirm that the socket adapter is firmly 
fixed on the PROM programmer. 


- Do not touch the socket adapter or the LSI 
during programming. 


- Misprogramming can be caused by poor 
contacts. 


On-Chip EPROM Reliability after Pro- 
gramming: Generally, semiconductors are reli- 
able except for initial failures. Parts can be 
screened to avoid failures. Exposure to high 
temperature is a kind of screening which re- 
moves PROM memory cells with data hold fail- 
ures in a short time. This is done to the ZTATs in 
the wafer stage, so ZTAT data hold characteris- 
tics are high. Exposing the LSI to 150°C after 
user programming can effectively upgrade 
these characteristics. Figure 16 shows the rec- 
ommended screening flow. 


Programming 
Verification 


Exposure in high temperature 
without applying any power 
150°C + 10°C, 48Hr + 8Hr* 


— OHr 


Confirmation of reading 
Vec = 4.5Vor5.5V 


* Exposure time is the time after the temperature 


in heater reaches 150°C. 


If programming errors occur continuously during programming with one PROM programmer, stop pro- 
gramming and check the PROM programmer or socket adapter. 
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a 


Hitachi engineer. 





Figure 16. Recommended Screening Flow 
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1. General Description 


The cross assembler and the hardware emu- 
lator using various types of computers are 
prepared by Hitachi as supporting systems 
to develop the user’s programs. User pro- 
grams are mask programmed into the ROM 
and shipped as_ LSI by Hitachi. Figure 1 


list 


Sample 
evaluation 
Flexible 


disk 


Yes 
Mass 
production 


shows the typical program design procedure 
and Table 1 shows the system development 
support tools for HMCS 40 and HMCS 400 
series microcomputers which are used in 
these processes. 


@ 


program 


Assemble 
Assemble ® Cross assembler 


Object 
program 
simulation Piggy back 
microcomputer, 


and PROM on chip 
<x 7 > microcomputer 
Yes 





Figure 1. Program Design Procedure 
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(Description) 


®@ 


® 


CS) 


58 


When the user programs the system, pre- 
determined functions are assigned to the 
I/O pins and the RAM area is estimated 
before actual programming. 

A flowchart is designed to achieve the 
predetermined functions. 

The coded flowchart is written onto 
floppy disk using HMCS 400 series mne- 
monic code to make a source program. 
The source program is assembled using 
host computer to generate the object pro- 
gram. Errors during the assembling are 
also detected. 

Hardware emulation is performed to 
check the program. Hitachi provides the 
emulator, which may be connected to 


Development Flowchart 


host computers such as an IBM PC, for 
debugging, as well as the piggyback mi- 
crocomputer and EPROM on chip micro- 
computers to verify the program. 

The completed program is sent to Hitachi 
in the form of EPROMs along with the 
appropriate “Ordering Specifications”, 
“Marking Option”, and “Mask Option 
List” documents. 

The ROM and mask options are masked 
by the company, LSI is tentatively pro- 
duced and the sample is handed to the 
user. After the user has evaluated the 
sample and confirmed that the program 
is correct, mass production can be 
started. 


Single chip microcomputer device is developed according to the following flowchart after 


program development. 


Device Development Flowchart 


Remarks 





* 


1 ROM code *1 
2 Mask Option List *2 

3 Ordering Specifications 
*3 


= 


2 sets of EPROMS 










*2 Part specific 
*3 Generic for Hitachi 
Microcomputers 





Computer processing 


ROM code for confirmation 
of ROM fabricating 


*4 The same ROM code as 


specifications *4 submitted 


4 Verification Listing *5 Send it back after 
approving 
Working Sample (WS) *6 *6 3pcs. 


5 Confirmation of function, 
characteristics *7, °8 


*7 Start the following 
flowchart after 
approving 

Send back signed 
working sample approval 
form. 


*® 


fee) 


*9 10 pcs. 


; Confirmation of function, 
characteristics, quality 


OK 
Engineering Sample (ES) *9 : 


Commercial Sample (CS) 


(END) 


Nole: Please send in 1, 2, and 3 at ROM ordering, and send back 4, 5 after approving. 
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HMCS402/404 HD4074408 HD404708 | HD4074808 LCD Ill 
408/412/424) | HD404019 | HD404302 | HD404418 | HD404508° | HD404608 | HD404678 | HD404709 | HD40L4808 | HD404918 | (HD44790) 
Description Part No. HD4074408 | HD4074019 | HD4074308* | HD4074418 | HD4074509* | HD4074608 | HD4074678* | HD4074709 | HD407L4808 | HD404919 | (HD44795) 


Emulator H400CMIX20)) 
a a Se nee (RA, eed a (| 
LT SCG (NNN OS (2 
rasan [TO aa ees een eae 
Pasisoenome [OT ae a eee 
sacar | 


*HS467ETAO1H(2) 
HS470ETAQ1HI2) 
HS480ETAQTH(2) 
*HS491 FTAOTH(2) 
User system HS400ECA80H 
interface cable *HS430ECD42H 
*HS470ECS64H 
Programming HS408ESS 11H) 
Socket Adapter HS4OBESFOIH™ 
HS408ESFO3H'5) 
HS409ESS 11H‘) 
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Simulator S400SIMPC') 
(IBM PC) 


* Under development 

Notes: (1) All emulators and emulator units include RS-232C port for connection to IBM PC. 
(2) Requires HS400EUA01H emulator unit and applicable user system interface cable. 
(3) For dual inline package (DIP). 
(4) For rectangular outline quad flat package (QFP). 
(5) For square outline quad flat package (QFP). 
(6) Developed by one of Hitachi's overseas engineering subsidiaries. 
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2. Emulator 


MEmulator for 4-bit Single-Chip 
General-Purpose Microcomputer: 


The emulator for 4-bit single-chip general- 
purpose microcomputers is an incircuit emu- 
lator to develop application systems incor- 
porating a 4-bit single-chip microcomputer. 
The emulator efficiently supports system 
development in both software and hardware, 
as well as software debugging. 


Features 


- Effective as a software development sys- 
tem, as well as helping hardware devel- 
opment with a user prototype system con- 
nected. 

- Efficient development enabled by various 
kinds of emulation commands. 

‘Memory address corresponding to the mi- 
crocomputer internal ROM (Mask ROM), or 
EPROM, can be switched to the RAM on the 
emulator (described as “User RAM”) or to 
EPROM for emulation. 

‘Allows easy serial interface selection (set- 
ting interface levels, baud rate). 

- HMCS series mask option functions can be 
used by manual operation during emula- 
tion. 


Functions 


- Real-time execution 
Executes a user program from the address 
specified until 1 or 2 occurs. 
1. A breakpoint is detected. 
2. The RESET or ABORT switch is pressed. 


- Single-step execution 


Executes an instruction at the address 
specified, and displays contents of the 
MCU register, RAM, or I/O port. Sequential 
execution is possible. 


- Real-time trace 


Executes a user program in real-time while 
tracing the user program address, data, 
interrupt generation, and contents of 8-bit 
data detected by external probes. 


- Sets, displays, and cancels breakpoint 


Breakpoints can be set in the following 

modes. 

1. Address specified 

2. Pattern detected by external probes 

3. Opcode specified 

4. Number of execution cycles after the 
above conditions are detected. 
Note. Combination of 1-3 can be set for 4 
points. 4 can be set for 1 point. 


- Coverage function (CO coverage) 


- Displays and modifies the object program 


and contents of the MCU register and RAM 


- Line assemble 


Writes an instruction to the address speci- 
fied in mnemonic using CRT 


- Line disassemble 


Disassembles and displays the object pro- 
gram in the address range specified 


4-bit Single-chip Microcomputer Supporting Systems 


Product to debug Emulator only 














HMCS402, HMCS404, H400CMIX2 
HMCS408 (HS408EML02H) 
HMCS412, HMCS414,. st” 
HMCS424 
HD4074008 = 
ZTAT Microcomputer 
Socket adapter for 
Product to debug Package Maker ZTAT Microcomputers 
HD4074008 | 
as DATA 1/0 HS408ESS11H 
FP64 | HS408ESFO1H | oe 
FP-64A we Rte “HS408ESFO3H CO ; 
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Selected by a Host Computer 


Host Computer 


(manufacturer) OS 
IBM PC or Compatibles PC-DOS 


**Included with Cross Assembler 


Emulator Commands 


Category 


File management 


Execution 


Setting break conditions 


Management of memory 
and registers 


Support of debugging 


Command 


YO1O;)/ Vv] <;r 


BR1 
BR2 
BR3 


DA 


CO 


Host Interface 


Cross Assembier Software Simulator 
AS400PUTI1SF SUTLIBMPC** 
S400SIMPC 
Function 


Loads object program and loads symbol information 
Verifies object program 

Saves object program 

Executes user program 

Traces user program in single step 


Sets, displays and cancels combination break conditions 


Displays and modifies program memory contents 
Dumps program memory contents 

Transfers object program 

Compares object progam 

Displays and modifies data memory contents 
Dumps data memory contents 

Displays and modifies register values 

Displays and modifies 1/O port contents 


Sets and displays EPROM/user RAM 





Displays real-time trace results 





Displays all emulator commands 
Line assemble 

Disassemble 

Searches for bit pattern 

Displays and clears coverage data 
Sets and displays MCU clock mode 


Designates transfer rate 


@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 (415) 589-8300 61 





Program Development Procedure and Support Systems 














Specifications 
Emulator product No. 
H400CMIX2 
Item HS440EML01H (HS408EML02H) 
Support clock 8 MHz External 0.4, 0.8, 1.14, 1.6, 
clock 2, 2.67, 4,6.01, 8 
MHz External clock 
Emulation memory 16kW 8kW 
Break Combination break: 4 Combination break: 4 points 
points 
PC break: Entire pro- 
gram memory area 
Real-time trace capacity 2047 cycles 2048 cycles 
Serial interface — Interface level RS-232C, TTL 
Baud rate 300, 1200, 4800, 9600, 19200 BPS 
User interface DP-64S DP-64S 
(Support package) DP-42 
Emulator dimension W : 440 mm W : 365 mm 


L : 275 mm L : 275 mm 


- Assembler. 


Emulator 





"Programming ee 
. Socket ‘Adaptors 


HMCS400 Series General Purpose Microcomputer Development Tools 
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MEmulator for 4-bit Single-chip AS 
Microcomputer: 


The emulator for 4-bit single-chip AS (Appli- 
cation Specific) microcomputers powerfully 
supports system development in software 
and hardware. 


Features 


HS400EUA01H main features are as follows: 
- Efficient development enabled by various 
kinds of emulation commands 
- Adapts easily to different HMCS 400 se- 
ries microcomputers by exchanging the 
target probe and user system interface ca- 
bles. (Note that this cannot be used for 
developed emulator support products.) 
‘Contains emulator RAM (called “Program 
Memory”) which includes a memory area 
corresponding to the HMCS400 series mi- 
crocomputer internal ROM (Mask ROM) or 
EPROM 
- Allows easy serial interface selection (set- 
ting interface levels, baud rate) 
-Can evaluate the microcomputer mask op- 
tion 


Functions 


HS400EUA01H main functions are as follows: 

- Executes the user program in real-time 

- Sets breakpoints 

—Combination breakpoints: 4 points (Can 

be specified with program counter, 
address/data bus, data memory informa- 
tion, external probe signal, pass count, 
etc.) 


—PC breakpoints: Entire memory area (Can 
be specified with program counter) 


- Displays trace results in trace stop mode 


without halting program execution 


- Real-time trace 


Memorizes and displays bus information 
and external signals before/after trace is 
stopped by breakpoints to a maximum of. 
2000 steps 


- Symbolic debugging 


Debugs by symbolic information (break, 
trace) 


- Execution time measurement 


Measures program execution time in mi- 
croseconds to a maximum of one hour 


- Line assemble 


Modifies memory contents in assembly 
languages 


- Disassemble 
- Single-step trace 


Traces a user program and displays con- 
tents of the MCU register and data memory 
at the address specified after each instruc- 
tion is executed. 


- Displays and modifies register contents 
- Displays and modifies contents of program 


memory and data memory 


- Coverage function (CO coverage) 
- Self-diagnostic function 
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AS Microcomputer Supporting Systems 


Product todebug Package 


Components 


Emulator unit for 
HMCS 400 Series Target Probe 


User System 
interface Cable 


HS400ECA80H 


HS470ECS64H* 
HS400ECA80H 


HS400ECA80H 


HS430ECD42H* 
HS400ECA80H 


HS470ECS64H* 
HS400ECA80H 


HS450ETAO1H* * HS400ECA80H 


HS430ECD42H* 


HD404608, FP-80B | HS400EUAO1H HS460ETAO1H 
HD4074608 =P-BOA 
HD404708, DP-64S | 
HD404709, eae HS470ETAO1H 
HD4074709 pila | 

FP-64B 

FP-64A 
HD4074808, FP-80B HS480ETAO1H 
HD 404808, Soaan = 
HD407L4808, Been 
HD40L4808 
HD404302, DP-42 HS430ETAO1H 
HD4074308 
HD404678 FP-64A HS467ETAO1H* 
HD4074678 
HD404019, DP-64S HS409ETAO1H* 
HD4074019 0c.648 

FP-64B 

FP-64A 
HD404508, FP-80B 
HD4074509 at ev 
HD404918, DP-42 HS491ETAO1H* 
HD404919 
HD404418, DP-64S HS440EMLO1H  — 
HD4074408, nca4s tC 
HD4074418 Bee ee, 

: FP-64 
FP-64A 


* Under development 


**Preliminary 


Selected by a host computer 
Host computer 


(manufacturer) OS Cross Assembler 
IBM PC PC-DOS AS400PUTI1SF 
or compatibles 
**Included with cross assembler 
@ HITACHI 


Host interface program 
SUTLIBMPC * * 


Socket adapter 
for ZTAT 
Microcomputer 


HS460ESFO1H 
HS460ESHO1H* 
HS470ESS 11H 
HS470ESFO1H 
HS470ESHO01H 


HS460ESF01H 
HS460ESHO1H 


HS430ESD01H* 
HS467ESHO1H* 
HS409ESS 11H 


HS409ESF0O1H* 
HS409ESHO1H* 


HS450ESFO1H** 


HS448ESS 11H 
HS440ESF01H 
HS440ESFO3H 


Simulator 
S400SIMPC 
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Emulator Commands 


Category 


File management 


Execution 
































Setting break conditions 


Management of memory 


and registers 


Support of debugging 



























































































































































Command Function 

L Loads object program and loads symbol information 

V Verifies object Soa. -_ 

P Saves object program 

G Executes user eroorann / 

Ss Traces ser srograricin aiagle step. ; 
BP Sets, displays and cancels arbaranmcoliner (PC) break 

TR Sets, displays sndvcancels sombinauar break conditions 

BR1 —_ 

BR2- — 

BR3 

Displays and modifies program memory contents 7 
ID Dumps program memory contents 

| IMAP Sets and displays the program memory area 7 

i Transfers object program 

C Compares object program 

M Displays and modifies data memory contents _ 
“MD Dumps data memory contents 

MMAP Sets and displays data memory area oe a 
DEF Sets address to display data memory contents during halt of user 
program execution 

R Displays and modifies register values 

10 Displays aneniodities 1/O port contents 

CONT Restarts real-time trace from subcommand wait 

Q Displays real-time trace results 

HE Displays all emulator commands 

A Line assemble 

DA Disassemble 
“SYM Defines, clears and displays symbols, and selects the attribute of 

the symbols to be loaded 

O Searches for bit pattern 

CO Displays and clears coverage data 

F Sets and displays MCU clock mode 

TIM Sets and displays MCU timer operation 

N Designates transfer rate 
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Specifications 


item 





Support clock 


Emulation memory 


Break 


Real-time trace capacity 
Serial:interface Interface level 
Baud rate 


User interface 


(Support package) 
Dimension Emulator unit 


Target probe 





“Gries ee 
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Emulator product No. 


HS400EUA01H HS400EUA01H HS400EUA01H HS400EUA01H HS400EUA01H 

+HS460ETAO1H +HS470ETAO1H +HS480ETAO1H +HS430ETAO1H +HS450ETA01H 

800 kHz 4 MHz 800 kHz 4 MHz 4.5 MHz 

External External External External External 

clock clock clock clock clock 

16 kW 

Combination break: 4 points 

PC break: entire program memory area 

2047 cycles 

RS-232C, TTL 

300, 1200, 4800, 9600, 19200 BPS 

FP-80A/B DP-64S FP-80A/B DP-4 FP-80B 
FP-64A/B 

W: 440 mm, L : 275mm 

W:258 mm, L : 169 mm 
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Data Sheets 


~ HMCS400 Series 


General Purpose 
Microcomputer 





© HITACHI 
Hitachi America Ltd. © Hitachi Plaza © 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 67 





HMCS402CL(HD614025)/ 


HMCS402C(HD614022)/——_ 


HMCS402AC(HD614028) 


DESCRIPTION 

The HMCS402C/CL/AC are CMOS 4-bit single-chip micro- 
computers with high performance and low power dissipation. 
They have efficient and powerful architecture same as 
HMCS400 series basically. 

These microcomputers provide variety of on-chip resources 
such as ROM, RAM, I/O, two timer/counters and a serial inter- 
face to perform in wide user’s applications. I/O pins of 
HMCS402C/CL/AC are able to drive fluorescent display tube 
directly. 

The HMCS402CL is able to operate in low voltage and has 
the characteristics of wide-range operation voltage. 

HMCS402AC is a high-speed version of HMCS402C. 


HARDWARE FEATURES 
4-bit Architecture 
2048 Words x 10-bit ROM 
160 Digits x 4-bit RAM 
58 1/0 Pins, Including 26 High Voltage 1/O Pins (40V Max) 
Two Timer/Counters 
11-bit Prescaler 
8-bit Free Running Timer 
8-bit Auto-Reload Timer/Event Counter 
@ Clock Synchronous 8-bit Serial Interface 
@ Five Interrupts 
External 2 
Timer/Counter 2 
Serial Interface 1 
@ Subroutine Stack 
Up to 16 Levels Including Interrupt 
@ Two Low Power Dissipation Modes 
Standby — Stops instruction execution while keeping 
clock oscillation and interrupt functions in 
operation . 
Stop — Stops instruction execution and clock oscil- 
lation while retaining RAM data 
@ On-Chip Oscillator 
External Connection of Crystal, Ceramic Filter or Resistor 
(externally drivable) 
(Resistor Oscillator is available only to the HMCS402C) 


@ SOFTWARE FEATURES 

Instruction Set Similar to and More Powerful than HMCS40 
Series; 99 Instructions 

High Programming Efficiency with 10-bit ROM/Word; 79 
instructions are single-word instructions 

Direct Branch to All ROM Area 

Direct or Indirect Addressing to All RAM Area 

Subroutine Nesting Up to 16 Levels Including Interrupts 
Binary and BCD Arithmetic Operation 

Powerful Logical Arithmetic Operation 

Pattern Generation — Table Look Up Capability — 

Bit Manipulation for Both RAM and 1/0 


=m PROGRAM DEVELOPMENT SUPPORT TOOLS 

@ Cross assembler and simulator software for use with IBM 
PCs and compatibles 

® In circuit emulator for use with IBM PC 





HMCS402C, HMCS402CL, HMCS402AC 


(OP-64S) 


HMCS402C, HMCS402CL, HMCS402AC 


(FP-64) 


@ EPROM On Package Microcomputer; HD614P080S 


Mask options are fixed as follows: 

e Opin — : Open Drain 

e Oscillator : Crystal Oscillator or Ceramic Filter Oscillator 
(externally drivable) 


e Divider : Divided-by-8 


® HMCS402C/CL/AC CLASSIFICATIONS 
Type Name | HMCS402C | HMCS402CL| HMCS402AC 
(HD614022) (HD614025)) (HD614028) | 
Minimum Instruction 
Execution Time (us) 
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® PIN ARRANGEMENT 





Di Dio 
0:2 99 
D13 2Da 
De D7? 
O's Ds 
R 00 Os 
Ror BD, 
Ro2 D3 
Ro3 D2 
Rio D: 
Ri Do 
Ri2 GND 
Ris OSC: 
R 20 OSC: 
R2 TEST 
R 22 RESET 
R23 R93 
R40 R92 
Rai / Vdispfi9 Rai 
R30 20 R30 
Rai Gy H Res 
R32 / IN ToR2 y Ree 
Ra3/INT: Res 
R50 R80 
Rs: & R73 
R 52 R72 
R53 Rn 
R 60 R70 
Ret Ra3 
Rez Rar /SO 
R63 Rai /SI 
Vcc 9 Rao /SCK 





BIBIEIRIEB/IBIBIGIEIBIE 
$8 2533816 6 82 es 
(Top View) PE a 
a 
(Top View) 
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® BLOCK DIAGRAM 


Rao/Ray/Ra2/ R33/ Ra2/ 
SCK SI SO INT, INTo RESET TEST OSC, OSC2 Vec GND 


‘| SERIAL | Timer | TIMER EXTERNAL SYSTEM CONTROL 
Cy INTER. bie ad 
A 8 INTERRUPT 
= 
o> 





Rg2 ROM 
Ro: INTERRUPT CONTROL 
Rao 






2048 x 10bit 


INSTRUCTION que 
DECODER 


RAM 160 X4bit SP 









3 
t 
' 
$ 
! 
4 
—™7 


errrrr- Trier ey -T ts 
ve ts ' 


i] , et 
Ra3Ra2/Rai/Rao/ Ra3/R32/Ra1 R30 'R23R22R21 R20 | (Ris Riz Ru Rig (Ros Roz Ros Roo 5 Dis DraD13 Di2 011 Dion Da Dg D7 De Ds Da 


Print Ribsee 4}Ds3 D; D, Do 
SO-SESGKAINTTINTS: ere ee ee ee er he pi ae a mae mee en 





t_.3 High Voltage Pins 


® ABSOLUTE MAXIMUM RATINGS 

















Supply Voltage “0.310 470 
: “0.310 Voo#0.3 
Terminal Voltage Vr cc+0 3 
Total Allowance of Input Currents Zo 50 5 
Total Allowance of Output Currents —Zlo 150 6 
Maximum Input Current a 15 7.8 
Pm 8, 10 
Maximum Output Current 6 mA 9,11 
30 mA 9,12 
Operating Temperature —20 to +75 
Storage Temperature Tstg —55 to +125 
(Note 1) Permanent damage may occur if “Absolute Maximum Ratings” are exceeded. Normal operation should be under the conditions of 
“Electrical Characteristics”. If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 
(Note 2) Ali voltages are with respect to GND. 
(Note 3) Applied to standard pins. 
(Note 4) Applied to high voltage pins. 
(Note 5) Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously. 
(Note6) Total allowance of output current is the total sum of the output current which flow out from Vcc to all 1/0 pins simultaneously. 
(Note 7) Maximum input current is the maximum amount of input current from each 1/O pin to GND. 
(Note 8) Apptiedto Dy ~ D3 and R3 ~ R8. 
(Note9) Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 


(Note 10) Applied to Dp ~ Ds and R3 ~ RB. 
(Note 11) Applied to RO ~ R2. 
(Note 12) Applied to D, ~ Dis. 
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™ HMCS402C ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 4V to 6V, GND = OV, Vuisp = Voc —40V to Vcc, Ta = —20 to +75°C, if not specified.) 


72 












































































Value 
a Pee] ee ae as 
a 
n 
V 
as ae 2 ONE Vv 
Input “Low v, 
vate 2 (sei emcee os a 
5 a 
Output “High” | yo, | gcKso | tons VOmA Vee-10| - | - | Vv 
vel i Hon = 0.07 mA Vedat = [= | vt 
Output “Low” 
RESET, SC 
Input/Output = 
in| Mol | Sor eer Pepa rte ) 
1 
Crystal or 
Ceramic Filter 
Current uid _ ~ 2.0 mA 2,6 
Dissipation in lec Vec f... = 4MHz 
Active Mode eee 
Oscillator 
Option Se 2.4 mA 2,6 
ose = 4MHz 
Crystal or 
Ceramic Filter 
Maximum Oscillator mA 3,6 
Vv Logic Option 
SBY1 CC Operation fose = 4MHz 
Vec = 5V Resistor 
scillator 
Cc Option mA 3, 6 
urrent = 4MHz 
eS day 7 Gast or 
tan ode 
Ceramic Filter 
_ Oscillator mA 4,6 
Minimum Option 
le: V Logic f =4M 
Saye ss Operation = Ae 
Vec = 5V Resistor 
Optica 13 mA | 4,6 
fos: = 4MHz 
Current = ee <_ 
Dissipation in Vec Sune a Vee- 0.3V to Vee uA 5 
Stop Mode in( T) = OV to 0.3V 
Stop Mode 
= 
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(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; ® RESET, TEST ... Vcc voltage 
e Dy ~D;, R3~RY--- Voc voltage 
eD, ~Dis . RO~R2, R ao: Rai vee Vdisp voltage 
(Note 2) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
© input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
@ TIMER-B; +2 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ® RESET ...GND voltage 
@ TEST --- Vo voltage 
®©D.~D3, R3~R9 + Voc voltage 
®D, ~Di; ; RO~R2, R po, Rai see Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
@ Input/Output; Reset state 
® TIMER-A; +2048 prescaler divide ratio 
© TIMER-B; +2048 prescaler divide ratio 
® SERIAL Interface ; Stop 
Pin state; ® RESET... GND voltage 
® TEST .-- Vcc voltage 
®0,~D;, R3~R9 --- Vcc voltage 
©D.~Dis, RO~R2, Rag, Ray - Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fogo=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 





max. value (fo¢¢=x [MHz] } =x max. value (fog¢=4[MHz] } 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Voc = 4V to 6V, GND = OV, Vuisp = Voc —40V to Voc, Ta = —20 to +75°C, if not specified.) 











Item Test Conditions Note 
Input “High” Vv Do ~ D3, 
Voltage Iq R3 ~ R5, RQ 
Input “Low” Vv Do ~ D3, 
Voltage t. R3 ~ R5, RO 

Do ~ D3, 
Output “High” Vv R3~ R8 
Voltage on Do ~ Ds, 
R3~ R8 
Output ‘‘Low’’ VEi Do ~ D3, 
Voltage R3 ~ R8 


Input/Output (tie | Do ~ D3, 7 1 LA 2 

Leakage Current IL R3~ RY 

Pull-Up MOS Do ~ D3, = 1 A 3 
a CCC 


Current 
(Note 1) Applied to 1/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/O pins with “with Pull-up MOS” selected by mask option. 
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@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 


(Note 1) 
(Note 2) 
(Note 3) 
(Note 4) 


74 


(Voc = 4V to BV, GND = OV, Vuisp = Voc —40V to Voc, Ta = —20 to +75°C, if not specified.) 


Value 


Item 
Input “‘High’”’ 
Voltage 


Input ““Low” 
Voltage 


Output ‘‘High”’ 
Voltage 


Output “Low” 
Voltage 


Input/Output 
Leakage 
Current 


Pull Down MOS 


Current 


Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 « 


Test Conditions 


| symbot | in Name 


D4a~Dis , R1 
R2, Ran: Rat 










Da~Dis 
RO~R2 Vaisp = Vec—40V 
Da~Dis 
RO~ R2 150kQ to Vec 40V 
hae | Da~Dis 
tt. RO~R2 Vin = Vec—40V to Vcc 
Rao, Rai 


Vdisp = Vec—35V 


mul re 
fe) ‘ 
rm 


Vin = Vec 


Applied to |/O pins with “with Pull-down MOS” selected by mask option. 
Applied to 1/0 pins with “without Pull-down MOS (PMOS Open Drain)" selected by mask option. 
Pull-down MOS current and output buffer current are excluded. 

Applied to !/O pins with ‘‘with Pull-down MOS” selected by mask option. 
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5 


—loH=15mA, Vcoc=5V+10% 
Da ~ Dis 
—loH=9 mA 
—lon= =3 mA, Vcc =5V+10% 
ROE Re —loH=1.8MA 


< 
Q 
7 
AS 
ro) 


re 





< 


ec t0.3 


22Vcc 


= 


c—37 


= 


cc—37 


(415) 589-8300 


Unit 


Note 
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@ AC CHARACTERISTICS (Vcc = 4V to 6V, GND = OV, Vgisp = Vcc —40V to Voc, Ta = —20 to +75°C. if not specified.) 


fose 






Value 


a ear eS 
[min [tye [max | Om | NO 


Test 
Conditions 






























































5 s = Oscillation Frequency OSC, , OSC, 
ir 4 oa = 
2 ro =| Instruction Cycle Time teve 1.78 2 20 us 
5 Oscillation Frequency OSC,, OSC, Re=20k2+2% | 42 | mine | 
Oo - 
- 0 ar 
25 ns ug ion ave : Las R¢=20kQ2Q.+2% : 
LO oeuee Stabilization OSC,, OSC, —_|RF=20k2#2% | 
External Clock Frequency 2 
sey External Clock ‘’High” 
S| Level Width tcPH 
© External Clock ‘‘Low” > 
© | Level Width tort 
2 External Clock Rise Time tcp, 2 
a External Clock Fall Time tcp 2 
Instruction Cycle Time Ee Sen 2 
INTo “‘High’’ Level Width tioH INTo 3 
INTo “Low” Level Width tio. INTo 3 
INT: ‘High’ Level Width tiiH INTi 3 
INT: “Low” Level Width tie INT ee 
RESET “High” Level Width tRsTH RESET “40 
Input Capacitance 
RESET Fall Time. trstt : 





(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.0V at ‘’Power-on”, or after RESET 
input level goes to ‘‘High” by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than trac to obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker’s advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator Resistor oscillator 





Crystal Oe 
Rf 
OSC, 
GND 
Crystal: 4.194304MHz NC-18C‘Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) Rf : 20kN+2% 
Rf: IMQ +2% Rf : IMQ+2% 
Ci : 22pF+20% Ci : 30pF+20% 
C2 ; 22pF+20% C2 : 30pF+20% 
(Note 2) (Note 3) 











Vcec-9.5 
OSC, 
0.5 


tcPr 'CPf 


(Note 4) 


RESET 
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@ SERIAL INTERFACE TIMING CHARACTERISTICS 
(Voc =4V to 6V, GND = OV, Vuisp = Vec —40V to Voc, Ta = —20 to +75°C, if not specified.) 


* At Transfer Clock Output 
: Test Value 
Pin Name Conditions yp a 


Item Symbol 


nit 











eae] 
Transfer Clock “High” any 
Transfer Clock ‘‘Low” Pa 
Level Width tsckL (Note 2) tscye 
Transfer Clock Rise Time tsckr (Note 2) 
Transfer Clock Fall Time | tsoxs (Note2) [=| — | 100] 
Serial Output Data 
Delay Time ‘oso a ee cea 
Serial Input Data Setup Time | tos a 
Serial Input Data Hold Time tog) | CT 0 | | 
At Transfer Clock Input 
Test 
Item Symbol Conditions in ip Unit 





Transfer Clock Cycle Time tscyc SCK ee ee cye 
Transfer Clock “High” ‘ SCK t 
Level Width SCKH Saye 
Transfer Clock ‘‘Low” ono 

Transfer Clock Fall Time tsckt SCK pee ee Se alts es 900 ns 
Serial Output Data 

Serial Out wo | 80 Wow | - | - | oo | on 
Serial Input DataHold Time | tw _s1_—-(| | 60 | = | - 


(Note 1) Timing Diagram of Serial Interface 





ScK Vee —2.0V(0.7 Vcc 1x 
0.8V(0.22Vcc) * 


so 


0.7Vcc 
SI 
(Loans __ 
*Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 
(Note 2) Timing Load Circuit 
Vec 
Ry =2.6kQ 


Test 
Point 


Cc R 182074@ 
30pF 12k. or Equiv. 
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n nn n 


Note 
1,2 
1,2 


12 


1,2 
1,2 


Note 
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@ CHARACTERISTICS CURVE (REFERENCE DATA) 


lec (mA) 
lec(mA) 





fosc( MHz) Vec(V) 
loc vs. fog-Characteristics lcc vs. Voc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option) 





fosc (MHz) 
Vec(V) 
lec vs. fose Characteristics lec vs. Vcc Characteristics 
(Resistor Oscillator Option) (Resistor Oscillator Option) 


2.0 











Ta=-—-20~+75°C , 
fosc =4MHz SBY! 
max. 


1.6 
2 " 
E : Lo a ee 
Te ~ 1,2 
: et | | | ke 
Ss 50.8 a 
2D a 





0) 1 2 3 4 5 6 
fosc( MHz) Vec(V) 
Ispy vs. fose Characteristics Ispy vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option) 
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Ispy1, Issyv2(mA) 
ay 
tO 


2.0 


fosc( MHz) 


Ispy vS. fos Characteristics 
(Resistor Oscillator Option) 














rex-20-+750 | [| | | | 








Issy1, Isay2(mA) 





Vec(V) 
Ispy vs. Vcc Characteristics 
(Resistor Oscillator Option) 
















re Fe i ee - 
lst eased ee ehecelc all ed 400 = 
ee EEE : 
Coe x 
ESS : 
zw ~ 200 4 
By eV ek et I 
esl Nee ele se woof pee 
- te inne 
Aen 
: sae : 0 10 20. +30 40. 50 
—Ip (Pull-up MOS Current) vs. Vee—Vdisp(V) 
Vec Characteristics Iq (Pull-down MOS Current) vs. 
15 (Voc — Vdisp) Characteristics 
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ine Se Cea ae eas | 
ee ae a A 
a are ae a 
ery, eee s Se a a a 
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i en ae 
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Ta=—20~+75° Ht 
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| Zl | vec =4.5V 
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= CEE VA Aeerav 
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= HMCS402CL ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc =2.7V to 6V, GND = OV, Viisp = Vcc—40V to Vcc, Ta = — 20 to +75°C, if not specified.) 


Value 
Item Symbol Test Conditions Unit | Note 
RESET 


< 
T- 
= 
i 
! 
° 
w 
ond 
< 
ano 








Input ‘‘High”’ 
Input ‘‘Low”’ ’ 
Voltage 0.15Vcc 


Output “High” — ‘ 
Voltage Vou SCK, SO —lon =0.1 mA 


Output “Low” 
Voltage Vou 


Dissipation in _ mA 2,6 
Maximum Logic Operation 
Ispy1 Vcc Vec=3V 0.5 mA 3,6 
Current fose = 2 MHz 


Dissipation in — : 
Standby Mode Minimum Logic Operation 
Issy2 | Vcc Veco =3V mA | 4,6 





Input/Output Ihe | 
Leakage Current tL 






ah 


Current 


< Q 
re) 





Current 
issipation i (TEST) = Vec-0.2V to Vcc 
vin 
Sou Meds 7 Vee Vin (RESET) = OV to 0.2 V uA | 5 
Stop Mode 
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(Note 1) Pull-up MOS current and output buffer current are excluded. 


(Note 2) The MCU is in the reset state. The input/output current does not flow. we 
Test Conditions: MCU state; ® Reset state in Operation Mode 
Pin state; ® RESET, TEST ..- Voc voltage 


e Dp ~D3, R3~R9Y --- Voc voltage 
eD,~D,;, RO~R2, R ag: Rar: Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state: ® Standby Mode 
® Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
@® TIMER-B; +2 prescaler divide ratio 
e SERIAL Interface ; Stop 
Pin state; @ RESET ...GND voltage 
© TEST --- Vo voltage 
®D,~D;3, R3~RQY --- Vec voltage 
®D, ~Dis , RO~R2, Rao. Rai aes Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state 
® TIMER-A;: +2048 prescaler divide ratio 
@ TIMER-8; +2048 prescaler divide ratio 
@® SERIAL Interface ; Stop 
Pin state; ® RESET ... GND voltage 
® TEST --- Vcc voltage 
®D,~D;, R3~RP9 --- Vec voltage 
®©D,~D;;,, RO~R2, R ao. Rai one Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fogc=X [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


[When Divide-by-8 (D-8) option is selected.) max. value (fgg¢=x [MHz] ) =3x max. value (fos¢=2 [MHz] } 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vec= 2.7V to 6V, GND = OV, Vgisp = Vec —40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Item Symbol Test Conditions 
Input “High” Do ~ Ds, 


Value 


Unit Note 





S 
Oo = 
| =. 
oO 3 
or 
ee 
— 


3 
ro 
x 


i 
i 
j 
i 


cct0.3 


Input ‘’Low” Do ~ Ds:, 

Voltage Vit R3~ R5, RO 0.3 0.15 Vcc 
Output “High” 7 

Voltage VOH —loH =0.1 mA 





Output “Low” Do ~ Ds, : 
Voltage OL R3~R8 lo. =0.4mA 


Input/Output Do ~ Ds, _ 

Leakage Current Hivl R3~R9 Vin= OV to Vcc LU 2 
Do ~ D3, Voc = 3V 

Pull-Up MOS R3~ RQ Vin= OV 3 BA 3 

Current 


Do ~ Ds, Vec = 5V 
R3~R9 Vin = OV 


w 
* 
N 
o 
* 
> 
w 


(Note 1) Applied to 1/O pins with ‘‘CMOS" output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to !/O pins ‘‘with Pull-up MOS” selected by mask option. 
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@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN. 
(Voc = 2.7V to 6V, GND = OV, Vgisp = Voc —40V to ao Ta = —20 to +75°C, if not specified.) 


Da ~ Dis, R1 
R2, Rao, Rai 
Da~Dis , R1 


82 


Item 
Input “High” 
Voltage 


Input ‘’Low” 
Voltage 


Output “High” 
Voltage 


Output “Low” 
Voltage 


Input/Output 
Leakage 
Current 


Pull Down MOS 


Current 


(Note 1) 
(Note 2) 
(Note 3) 
(Note 4) 








Da~Dis 


RO~R2 
Rao. Ray 


V disp 


150kQ to Vec —40V 


Test Conditions — 


—loH=15mA, Vcc=5V+10% 
—loH =2.5mA 
—loH=3 MA, Voc =5V+10% 


—loH=0.5 mA 





=V CC —40V 


Vin = Vec—40V to Vcc 


Applied to 1/O pins ‘‘with Pull-down MOS" selected by mask option. 
Applied to 1/O pins ‘‘without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
Pull-down MOS current and output buffer current are excluded. 

Applied to 1/O pins ‘‘with Pull-down MOS" selected by mask option. 
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Vcc —4 


Vcec-3 


Veen =z 
Vec—1. 
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as 
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© AC CHARACTERISTICS (Vcc=2.7V to 6V, GND = OV, Vdisp = Vec—40V to Vcc, Ta = — 20 to +75°C, if not specified.) 


Item Symbol Pin Name Test Conditions Unit Note 
min 
Sealer reauancy osc:,0sca). | SS*~<C*~‘~SCSCiSC*dSC 
t 


Instruction Cycle Time cyc 


wW 
wn 
on 
ot 
cs} 
nm) | 3 
oj |e 
= 
xz 
N 


” a) 
NO 


Oscillator Stabilization Time 
External Clock ‘‘High”’ 

















Level Width 

External Clock ‘“Low’’ 

Level Width ape 5 
External Clock Rise Time tcPr - n 


INTo “High” Level Width INTo 





NO | NR 
io 





ad av 
< < = na 
oO io) 














INT: “High” Level Width fie INT: | 2 [| ic 
Input Capacitance Cin all pins i: aa p= fe! 





(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.7V at ‘‘Power-on”, or after RESET input level goes 
“High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than tac 
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends 
on the circuit constant and stray capacity. 





Crystal oscillator Ceramic filter oscillator 
C; 
Ceramic 
filters Ry 
C2 
GND 
Crystal: 2.097152MHz DS-MGQ308 (Seiko Denshi) Ceramic filter: CSA2.000MK (Murata) 
Rf = 2MN + 2%, Rd = 2.2kQ + 2% Rf =1MQ + 2%, C1 =C2= 30pF +20% 
C, = 10pF + 20% 
C2 = 10pF + 20% 
(Note 2) (Note 3) 


0.85Vcc 
INT INT, 
0.15 Vcc 








YOL, TIL 






Vcec—0.3V 


OSC, aay 


tCPr (CPt 







(Note 4) 
0.85Vcc 


RESET 0.15Vcc 


trstt 
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@ SERIAL INTERFACE TIMING CHARACTERISTICS 


Transfer Clock Fall Time tsckt 


(Vcc =2.7V to 6V, GND = OV, Vdisp = Vcc— 40V to Vcc, Ta = —20 to +75°C, if not specified.) 
At Transfer Clock Output 


Test Value 
Item Symbol Conditions ty 


Unit Note 


1°) 


Transfer Clock ‘High’ axa 

Level Width 'scKH (Note 2) Pe] tseve 1,2 
Transfer Clock “Low” =a 

Level Width 'sckL (Note 2) = tseye | |e 
Transfer Clock Rise Time tsckr SCK (Note 2) 300 i 





Ss 
n 


Transfer Clock Fall Time tscKt SCK (Note 2) 


Serial Output Data (Note 2) 


Delay Time tpso 





S 
wn 
_— 


Serial Input Data Set-up Time 


a | 
| 
mimi wm on 


=) 

an 

= 
. 


——s 


Serial Input Data Hold Time tus! 


At Transfer Clock Input 


Item Symbol Conditions typ Unit Note 
Transfer Clock Cycle Time ue SCK aa 1 
Transfer Clock “High” Saw 
Level Width tscKH SCK a tseye 1 


Transfer Clock ‘‘Low” 
Level Width tscKL SCK 


Transfer Clock Rise Time tsckr | = SCK 


tscyc 1 


+ 
n 


TSR 
Serial Output Data 
Serial Input Data Set-up Time tssi 2 ae 1000 


Serial Input Data Hold Time tus! S| 


ot 
9) 
< 
oO 


(Note 1) Timing Diagram of Serial Interface 









SCK Vcc—0.5V (0.85Vcc)* 
0.4V (0.15Vcc)* 





Vcc—0.5V 
0.4V 


tssi tHst 
Si 4 0.85Vcc . 
0.15Vcc 


*Vcc—0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.85Vcc and 0.15V¢c¢ are the threshold voltage for transfer clock input. 


so 





(Note 2) Timing Load Circuit 


84 


Vec 
Ry =2.6ky. 
Test 
Point 
ro R 1$2074H 
30pF 12ky or Equiv. 
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@ CHARACTERISTICS CURVE (REFERENCE DATA) 


Ta=—-20~+75T 
fosc = 2MHz 


mrad 
ptt} 
APE 


lcc(rmnA) 








VecV) 
lec vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator) 


Eee cren oe a 
ze 


500 











Aas 
ae 
ae 
ia 
ie 
ane 
aeae 

Pe 

2 


3 4 5 6 
Vecl(Vv) 


—Ip (Pull-up MOS Current) vs. 


Vcc Characteristics 
Vcc=6V 


Aiea ee 





AWN | 
Ras 





* 
Keaee 
eee 
aaee 












100 


WN | 
VA A 















NWU LLL 
\ 








i. 





















z oe a 

E Ue 

= 2 

3 aaa y - Psd 

ee 
[ee aner 7-6 
fp a 
Zan an a 


Voi(V) 
lo_ min. vs. Voy Characteristics 
(Standard Pin) 
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—lOH min. (mA) 


Id (uA) 


Issy1, Ilsav2(mA) 





Ta=—20~ +75°C 
fosc=2MHz 


hen! 
EREREZ 


7 


























Veclv) 


Ispy vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator) 









































Vec—VdispV) 
Iq (Pull-down MOS Current) vs. 
(Vcc—Vdisp) Characteristics 











Vcc—-VoH (Vv) 


—lony Min. vs. (Vec—Von) Characteristics 
(Standard Pin ‘“‘CMOS”) 
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Pierce cae ee 


oy 



























—~ 20 VA 
<z 
E 
£ 
E 
x= 
2 
| 
10 
0 1 2 3 4 5 
Vcc-Vou (V) 
—lon min. vs. (Vcc -VoH) Characteristics 
(Da ~ Dis Pins) 
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I eee ccs al 
eee ee eee 
ase e Ae 












—IQH min. (mA) 
w 











0 1 2 3 4 5 
Vec—Vou |V) 


—loH min. vs. (Vcc—Von) Characteristics 
(RO ~ R2 Pins) 
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= HMCS402AC ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 4.5V to GV, GND = OV, Vdisp = Vec—40V to Voc, Ta = -20 to +75°C, if not specified.) 














i Ce ee oc = 
p 
fie | Mee || Menta | 
Input “High” 
p g V 
Voltage i — ates to ees 
vec-08 [= [Veevoa | V_| 
OS eS 
Input “Low” 
Voltage Vie fs ____} 2 0.22Vec 
ped ge 
Output “High” | alee VecsO tes LS 
Output ‘‘Low” 
me [va fram Eee 
RESET, SCK, 
ee hee ef} te! INTo, INT: in = 0V to Voc uA 1 
SI, SO, OSC: 
Current = 
Dissipation in | tcc Vee MacRae 3.0 mA | 2,6 
Active Mode fose 
Maximum Logic Operation 
IsBY1 Vcc Vec =5V mA | 3,6 
Current fosc = 6 MHz 
Dissipation in eee 
Standby Mode Minimum Logic Operation 
Ispy2 Vcc eas =5V 1.35 mA 4,6 
fose = BMHz 
Current aioe 
area Vin (TEST) = Voc —0.3V to Vcc 
Dissipation in Istop Vcc Ve - LA 5 
Stop Mode ie Vin (RESET) = OV to 0.3 V 
Stop Mode 
Retain Voltage Vcc Le ee Se 
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(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; ® Reset state in Operation Mode 
Pin state; @ RESET, TEST .-- Vcc voltage 
e Do ~D3, R3~R9 --- Voc voltage 
eD,~D:;, RO~R2, R an’ Rai eee Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; e@ Standby Mode 
® Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
@ TIMER-B; +2 prescaler divide ratio 
@ SERIAL Interface : Stop 
Pin state; @ RESET .--GND voltage 
® TEST --- Voc voltage 
®D,.~D;, R3~R9 --- Vee voltage 
®D,~D,;, RO~R2, Rao. Rai eee Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
@ Input/Output; Reset state 
® TIMER-A; +2048 prescaler divide ratio 
® TIMER-B; +2048 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ® RESET..-- GND voltage 
e@ TEST --- Voc voltage 
©D,~D;, R3~RP --. Vic voltage 
©D.~Dis, RO~R2, Rag, Rai -: Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 





(Note 6) When fgo¢e=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (fg¢¢=x [MHz] ) =o x max. value (fog¢= 6 [MHz] ) 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vcc = 4.5V to 6V,GND = OV, Vdisp = Vec—40V to Vcc, Ta = — 20 to +75°C, if not ie 


Output “Low” 


flues 
ee oe 

Input ‘’High”’ o~D3, 
Voltage PIE R3 ~ R5, | 0.7Vec p= Vect0.3 
Input ‘‘Low’’ Do ~ D3, 
se [= Bee Tae [= [eae 

Do ~ 
Output “High” R3 ~ RB —lon = 1.0mA Vec—1.0 
Voltage ne 

mek | torah nee 


Do ~ 7 
= go [em | 
Input/Output 
Leakage Current | !11t! R3 ~ a8 
vin ese 


Pull-Up MOS Do ~ 
Current R3~ aN Vin = ou 


(Note 1) Applied to |/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to !/O pins “with Pull-up MOS” selected by mask option. 
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@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vcc = 4.5V to 6V, GND = OV, Vdisp = Vec—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


yp 





|e 

















Input “High” Da ~ Dis, R1 
Vs Seen rave | | ven 
Input “Low” D4a~Dis , R1 
Voltage R2, Rao, Rat ~ : 
—lou=15mMA, Vcc=5V + 10% . ie 2 te el 
' Da ~ Dis 
Voltage RO~R2 —— [LIOQH=SMA, Vec=5V 10% | Vec-3.0 | - [= 


Da~Di15s _ 
Output ‘‘Low” V RO~ R2 Vaisp = Vec —40V =| 
Voltage oe Da~Dis 
; RO~R?2 150kQ2 to Vec—40V Voc —37 


Input/Output 
| 
Current 








Da~Dt1s 
RO~R2 
Rao, Rat 






Pull Down MOS 
Current 


(Note 1) Applied to 1/O pins ‘‘with Pull-down MOS” selected by mask option. 

(Note 2) Applied to 1/O pins ‘without Pull-down MOS (PMOS Open Drain)”’ selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins ‘‘with Pull-down MOS" selected by mask option. 
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© AC CHARACTERISTICS (Vcc=4.5V to 6V, GND = OV, Vdisp = Vec—40V to Voc, Ta = — 20 to +75°C, if not specified.) 























Value 

Item Symbol Test Conditions | Vee Unit | Note 

Simi | Panane |_min_| typ raf 

External Clock “High” 

External Clock “‘Low”’ 

Level Width cm foo | | wf - f - fw 2 
: : f= 1 MHz 

So 


(Note 1) Oscillator stabilization time is the time until! the oscillator stabilizes after Vcc reaches 4.5V at ‘‘Power-on’’, or after RESET input level goes 
“High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than tac 
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker’s advice because oscillator stabilization time depends 
on the circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator 


Cy 





Ceramic 
filter=as 










C2 
GND 

Crystal: 6.0MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter : CSA6.OOMG (Murata) 

Rf : IM2 +2% Rf :1M2+2% 

Ci : 20pF +20% Ci :; 30pF + 20% 

C2 : 20pF +20% C2 =: 30pF + 20% 

(Note 3) 
(Note 2) ae 
INT,.INT, tOL, TIL 
0.22Vcc 
OSC, 
tCPr tCPft 

(Note 4) 


RESET 
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@ SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vec=4.5V to 6V, GND = OV, Vdisp = Vec—40V to Vcc, Ta = —20 to +75 C, if not specified.) 


* At Transfer Clock Output 


Item 


Transfer Clock Cycle Time 
Transfer Clock “High” 


Test 








Level Width tsckH SCK (Note 2) 
aa a tscKL SCK (Note 2) 





Unit Note 


rname | cantons ae 
oe [SER [Woe ft [= [= Pe 


12 


tscyc 1,2 








Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


* At Transfer Clock Input 


Item 


Transfer Clock Cycle Time 


Transfer Clock “High” 
Level Width 


Transfer Clock ‘‘Low” 
Level Width 


Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 











Serial Input Data Set-up Time 
Serial Input Data Hold Time 


(Note 2) 
(Note 2) 


tsckr 











(Note 2) 


SCK 
SCK 
: 


ieee Abe ad 
FREE LA a a (ce 


Test 













Conditions 


1, 


2 
ene ke 
2 
2 


1 








Note 


re 


a : 


tHs! 


(Note 1) Timing Diagram of Serial Interface 


SCK Vec —2 OViO 7Vcc '* 
0 8V(0.22Vcc) * 






= 
Aen ft 1 
de Bat Ll 1 
ee a Se eens 





“Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock output. 


0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 
Vcc 
Ri =2 6ky 
Test 
Point 
Cc R 1S2074W 
30pF 12k4 or Equiv. 
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@ CHARACTERISTICS CURVE (REFERENCE DATA) 


Ta=—-20~+757 
fosc=6MHz 


Issy1, Isav2(mA) 





loc vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator ) 





Ispy vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator ) 


Semmen 
sneneee 
COPE 


la( uA) 





Vec(V) 
—Ip (Pull-up MOS Current) vs. 
Vcc Characteristics 





Vcc — Vdisp(V) 
Iq (Pull-down MOS Current) vs. 
(Vcc — Vdisp) Characteristics 


loc min.(mA) 





Vec—Von(V) 


-lon min vs. (Veco — Von) Characteristics 
(Standard Pin ‘‘CMOS’”’) 





Vor ( 
lot min. vs. Vo, Characteristics 
(Standard Pin) 
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30 







Ta=—20~+75T 


aunnEEr a 
FEE 
see a 
tay) aos ies 
BESS eee 
CHA 
asin 
Auk 


ss ue 










—loxw min. (mA) 


10 





-low min. vs. (Veco — Vou) Characteristics 
(Dg cz D,; Pins) 


® DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 


© GND, Vcc. Vdisp 

These are Power Supply Pins. Connect GND pin to Earth 
(OV) and apply Vcc power supply voltage to Vcc pin. Vdisp 
is an power supply for high voltage Input/Output pins with 
maximum voltage of Vcc-40V. Vdisp pin can be also used as 
Ra 1 pin by mask option. For details, see “INPUT/OUTPUT”. 


e TEST 

TEST pin is not for user’s application. TEST must be con- 
nected to Vcc. 
@ RESET 

RESET pin is used to reset MCU. For details, see “RESET”. 


@ OSC,, OSC, 

These are Input pins to the internal oscillator circuit. They 
can be connected to crystal resonator, ceramic filter reso- 
nator R¢ oscillator (applicable only to the HMCS402C), or 
external oscillator circuit. Select the circuit of MCU by mask 
option corresponding to the oscillator type. For details, see 
“INTERNAL OSCILLATOR CIRCUIT.” 


@ D-port (Do to D;;) 

D-port is a 1-bit Input/Output common port. Do to D3 are 
standard type, D4 to Dy, are for high voltage. Each pin has the 
mask option to select its circuit type. For details, See “INPUT/ 
OUTPUT”. 


® R-port (RO to RA) 

R-port is a 4-bit Input/Output port. (only RA is 2-bit con- 
struction.) RO and R6 to R8 are output ports, R9 to RA are 
input ports, and R1 to RS are Input/Output common ports. 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports. Each pin has the mask option to select its cir- 











—lonH min.(mA) 





Vee — Vou(V) 
-lon min. vs. (Vcc — Von) Characteristics 
(RO ~ R2 Pins) 


cuit type. Raz, R33, Rao, Rai and Ra are also available as 
INTo, INT:i, SCK, SI and SO respectively. For details, see 
“INPUT/OUTPUT”. 


@ INT), INT, 

These are the input pins to interrupt MCU operation exter- 
nally. INT, can be used as an external event input pin for 
TIMER-B. INTo and INT, are also available as R32, and R33 
respectively. For details, See “INTERRUPT”. 











@SCK,SISO 0 | 

These are Transfer clock I/O pin (SCK), serial data input pin 
(SI) and serial data output pin (SO) used for serial interface. 
SCK, SI, and SO are also available as Ran, Ra, and Ra respec- 
tively. For details, see “SERIAL INTERFACE”. 


= ROM MEMORY MAP 

MCU includes 2048 words x 10 bits ROM. ROM memory 
map is illustrated in Fig. 1 and described in the following 
paragraph. 


@ Vector Address Area ..... $0000 to $000F 

When MCU is reset or an interrupt is serviced, the program is 
executed from the vector address. Program the JMPL instruc- 
tions branching to the starting addresses of reset routine or 
of interrupt routines. 


®@ Zero-Page Subroutine Area ..... $0000 to $003F 
CAL instruction allows to branch to the subroutines in 
$0000 to $003F. 


@ Pattern Area..... $0000 to $07FF 
P instruction allows referring to the ROM data in $0000 to 
$O7FF as a pattern. 


@ Program Area ...... $0000 to $07F F 
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0 0 JMPL Instruction 
15 JMPL Instruction 
16 (Jump to INTo Routine) 


JMPL Instruction 
Zero-Page Subroutine — 
(Jump to INT; Routine) 
(64Words) 


63 JMPL Instruction 
64 (Jump to TIMER-A Routine) 


Program JMPL Instruction 


Pattern 
(2048 Words) 


2047 
2048 


Not Used 





16383 $3F FF 


Fig. 1 ROM Memory Map 


= RAM MEMORY MAP and special registers are also mapped on the RAM memory 
MCU includes 160 digits x 4 bits RAM as the data area and space. RAM memory map is illustrated in Fig. 2 and described 
stack area. In addition to these areas, interrupt control bits in the following paragraph. 


O 


$ 000 





1 $ 001 
> Interrupt Control Bits ©000 
3 $ 003 
4| Port Mode Reg. (PMR) | W 1$004 
5] Serial Mode Reg. (SMR) + W {$005 
6] Serial Data Reg. Lower (SRL) 'R/WI$ 006 
: $ 007 
(96 Digits) 
8] Timer Mode Reg. A (TMA)! W {$008 
Timer Mode Reg. B (TMB) | W |$009 
127 $ O7F (TCBL/TLRL) !R/Wig¢ 00A 


128 $ 080 (TCBU/TLRU)iR/W] $ 00OB 


Not Used $ OOC 
959] $ 3BF 
960 $ 3C0 
Stack $ O1F 
1023 (64Digits) Sane 


* Two registers are mapped on same address. 


Timer/Event Counter B Lower! Timer Load Reg. Lower | 
CE rere Lent A ee fe 'wW}]$00A 

Timer/Event Counter B Upper ; Timer Load Reg. Upper | 
(TCBU) i (TLRU) ;wW | $00B 


Fig. 2 RAM Memory Map 


R  :Read Only 
W_ :Write Only 
R/W:Read/Write 
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bit 3 bit 2 bit 1 bit O 
IFO RSP LYE 
: imo | & $000 
(IM of INT, ) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 
; IMTA FTA IM 1 IF 1 $001 
(IM of TIMER-A) (IF of TIMER-A) (IM of INT,) (IF of INT,) 
iIMTB iFTB 
002 
2 Not Used neces (IM of TIMER-B) (iE of TIMER-B) | ® 
IMS IFS 
003 
IF : Interrupt Request Flag 
IM: Interrupt Mask 
1/E : Interrupt Enable Flag 


SP: Stack Pointer 


(Note) Each bit in Interrupt Control! Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when ‘‘Not Used" bit is tested. 


Fig. 3 Configuration of Interrupt Control Bit Area 


@ interrupt Control Bit Area ..... $000 to $003 

This area is used for interrupt controls, and is illustrated in 
Fig.3. It is accessable only by RAM bit manipulation instruction. 
However, the interrupt request flag cannot be set by software. 


@ Special Register Area ..... $004 to $00B 

Special Register is a mode or a data register for the external 
interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 


Memory Registers 


Stack Area 






































32 MRO} s o20 960 [ievel_16 | $ 3C0 
33 LMR 1 § o21 
34 $ 022 
s on 
36{_MR4)_ | $ 024 
a 605 
38 $ 026 
39 $ 027 
40 $ 028 
a1 $ 029 
42 $ 02A 
43 $ 028 
aa $ 020 
45 $ 02D 
46 $ 02 
47 $ O2F 1023|Level__1}g arr 


PC13 toPCo ; 
ST; Status 
CA; Carry 


Program Counter 


@ Data Area..... $020 to $07F 
16 digits of $020 to $02F are called memory register (MR) 
and accessable by LAMR and XMRA instructions. 


@ Stack Area .... $3C0 to $3FF 

Stack Area is used for LIFO stacks with the contents of the 
program counter (PC), status (ST) and carry (CA) when process- 
ing subroutine call and interrupt. As | level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction. The 
area, not used for stacking, is available as a data area. 


bit3 bit2 bit1 bitO 
102] st | PCa PC 12 PC,, |$3FC 






PCs 


Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 


@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 


95 





HMCS402C/HMCS402CL/HMCS402AC 


® REGISTER AND FLAG 

The MCU has nine registers and two flags for the CPU opera- 
tions. They are illustrated in Fig.5 and described in the follow- 
ing paragraphs. 


® Accumulator (A), B Register (B) 

Accumulator and B Register are 4-bit registers used to hold 
the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, I/O and other registers. 


@ W Register (W), X Register (X), Y Register (Y) 

W Register is 2-bit, and X and Y Register are 4-bit registers 
used for indirect addressing of RAM. Y register is also used 
for D-port addressing. W Register is write only and cannot be 
read. 


© SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 
Y Register respectively. 


@ Carry (CA) 

Carry (CA) stores the overflow of ALU generated by the 
arithmetic operation. It is also affected by SEC, REC, ROTL and 
ROTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It’s not 
affected by RTN instruction.) 


@ Status (ST) 

Status (ST) holds the ALU overflow, ALU non-zero and the 
results of bit test instruction for the arithmetic or compare in- 
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex- 
ecuted. Status becomes ‘‘!”’ after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 


3 ie) 
oe Accumulator 
3 0 


9 5 


Stack 
Pointer 


Fig. 5 Register and Flags 


stack and restored back from the stack by RTNI instruction. 
(It’s not affected by RTN instruction.) 


@ Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address- 
ing. 


@ Stack Pointer (SP) 

Stack Pointer is used to point the address of the next stack- 
ing area up to 16 levels. 

The Stack Pointer is initialized to locate $3FF on the RAM 
address, and is decremented by 4 as data pushed into the stack 
and incremented by 4 as data restored back from the stack. 


> 


® INTERRUPT 

The MCU can be interrupted by five different sources: the 
external signals (INT), INT,), timer/counter (TIMER-A, 
TIMER-B), and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re- 
quest. The Interrupt Enable Flag is also used to control the 
total interrupt operations. 





@ Interrupt Control Bit and Interrupt Service 

The interrupt control bit is mapped on $000 to $003 of the 
RAM address and accessable by RAM bit manipulation instruc- 
tion. (The Interrupt Request Flag (IF) cannot be set by soft- 
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request 
Flag (IF) are set to “0”, and the Interrupt Mask (IM) is set to 
“1” at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table 1 shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re- 
quest Flag is set to “1“* and the Interrupt Mask is ‘‘O”’. If the 
Interrupt Enable Flag is ““1“, then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter- 
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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Sequence Control 
- Push PC CA ST 
» Reset 1.£ 

‘ Jump to Vector 
Address 










+f Priority Control se Netto! 
Address 
PLA oe 
$ 001.0 
$0011 i) 
O 
$ 001.2 
FTA 
a 
IMTA 
$ 002 0 
\FTB 
$002 1 |) 
O 





Fig.6 Interrupt Circuit Block Diagram 


Table 1. Vector Addresses and Interrupt Priority 

Reset » Interrupt Vector addresses 
RESET = $0000 
INTo (ii: (ay $0002 
iNT, $0004 
TIMER-A $0006 
TIMER-B | 4 | $0008 
SERIAL $000C 


Table 2. Conditions of Interrupt Service 














; Interrupt 
Interrupt source INTo TIMER-A TIMER-B SERIAL 
control bits __ 
Ve ae a (ns 
rs-iMS]* [| * | Pt 


* Don't care 
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Instruction 1 2 3 
Cycles 


Instruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt 


Stacking, 


accepted Reset of I/E 


Fig. 7 Interrupt Servicing Sequence 


@® Interrupt Enable Flag (1/E: $000,0) 

The Interrupt Enable Flag controls enable/disable of all inter- 
rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by.the interrupt servicing and set by RTNI instruction. 


Table 3. Interrupt Enable Flag 


interrupt Enable Flag Interrupt Enable/Disable 


Disable 





@ External Interrupt (INT), INT; ) _ — 

To use external interrupt, select R3./INTo, R33/INT, port 
for INTo, INT, mode by setting the Port Mode Register (PMR: 

~ $004). 

The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edge of INTo, INT, inputs. 

INT, input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT, as TIMER-B external event, an External Interrupt 
Mask (IM1) has to be set so that the interrupt request by INT1 
will not be accepted. 











©@ External Interrupt Request Flag (1FO: $000,2, 1F1: $001,0) 
The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edges of INTo, INT, inputs respectively. 








@ External Interrupt Mask (IMO: $000,3, 1M1: $001,1) 
The External Interrupt Mask is used to mask the external 
interrupt requests. 


Table 4. External Interrupt Request Flag 


Interrupt Requests 


External Interrupt Request Flags 








JMPL instruction execution on the 
vector address 


Instruction 
Execution at 


starting address 
of the interrupt 
routine 





Table 5. External Interrupt Mask 






External Interrupt Masks Interrupt Requests 





____Enable 
Disable (masks) 


@ Port Mode Register (PMR: $004) 

The Port Mode Register is a 4-bit write-only register which 
controls the R32/INTp pin, R33/INT, pin, R4,/SI pin and 
R42/SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 


to a port mode. 


Table 6. Port Mode Register 










R33/INT, pin 





Used as R33 port input/output pin 
Used as INT, input pin 


R3./INTo pin 





Used as R22 port input/output pin 
Used as INTy input pin 








0 Used as Ry, port input/output pin 

1 Used as SI input pin 
PMR | 
nto Ra /SO pin 

0 Used as Ra. port input/output pin 

1 Used as SO output pin 
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Interrupt 
Request 
? 





Interrupt 
Accept 





Execute 
Instruction 
PC-—(PC)+1 









1/ E«—“O” 


Stack—(PC) 
Stack<(CA) 
Stack—(ST) 











Fig. 8 Interrupt Servicing Flowchart 






(SERIAL Interrupt) 
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® SERIAL INTERFACE 

The serial interface is used to transmit/receive 8-bit data 
serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus- 
trated in Fig. 9. Pin R4o/SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out by the software. 
The data in the Serial Data Register can be shifted synchronous- 


SYSTEM| __ 
ick. ra PRESCALER(1 1bit) 


EeRaP 


ODINI ¢ 

N N 
|. MEN <1 oO 
ff 7 | OLN 
+}. of +]. 


SERIAL MPX ghaig M 


SMR(4bit) PMR(4bit) 
SERIAL MODE PORT MODE 
REG. REG. 


INTERNAL BUS LINE (S2) 


XX) SCK 









Rao Sc 
PORT 


ly with the transfer clock signal. 

The serial interface operation is initiated with STS instruc- 
tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signals, or discontinued transmit/receive operation by resetting 
the Octal Counter, the SERIAL Interrupt Request Flag will be 
set. 


OC(3bit) 
OCTAL SROF IFS 
COUNTER 


INTERRUPT 
REQUEST FLAG 
of SERIAL INTER- 
FACE 


INTERNAL BUS LINE (S1) 


SR (8 bit) 


SERIAL DATA REGISTER 5 


INTERNAL BUS LINE (S2)| | 


R/S! q R,./SO 


PORT PORT 


SCK 







Fig.9 Serial Interface Block Diagram 


@ Serial Mode Register (SMR: $005) 

The Serial Mode Register is a 4-bit write-only register. This 
register controls the R4o/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The Write Signal to the Serial Mode Register controls the 
operating state of serial interface. 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul- 
taneously. 

When the Serial Interface is in the “Transfer State”, the Write 
Signal to the Serial Mode Register causes to quit the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 
$0 by MCU reset. 


© Serial Data Register (SRL: $006, SRU: $007) 

The Serial Data Register is an 8-bit read/write register. It 
consists of a low-order digit (SRL:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
LSB side at SO pin synchronously with the falling edge of the 


- transfer clock signal. At the same time, external data will be 


input from the LSB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
10 shows the I/O timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 


© HITACHI 
100 Hitachi America Ltd. © Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HMCS402C/HMCS402CL/HMCS402AC 





Table 7. Serial Mode Register 





Used as Rao port input/output pin 
Used as SCK input/output pin 





Transfer Clock 


Prescaler System Clock 
Bit 2 Bit 1 Bit 0 Rao/SCK Port Clock Source Divide Divide 
——“ Ratio 
utput 
SCK fe 












































SCK oo . 

1 Output Prescaler = oe > 64 
SCK si 
SCK 






Output 
SCK 

Output 
SCK 
Input 



























External 





Serial Output Data 


Serial Input Data 
Latch Timing 


Fig. 10 Serial Interface !/O Timing Chart 





@ SERIAL Interrupt Request Flag (IFS: $003, 0) Table 9. SERIAL Interrupt Mask 

The SERIAL Interrupt Request Flag will be set after the 
eight transfer clock signals or transmit/receive discontinued SERIAL Interrupt Mask 
operation by resetting the Octal Counter. 0 









interrupt Request 
Enable 
Disable (mask) 






© SERIAL Interrupt Mask (IMS: $003, 1) 


The SERIAL Interrupt Mask masks the interrupt request. ® Selection of the Operation Mode 
Table 10 shows the operation mode of the serial interface. 
Table 8. SERIAL Interrupt Request Flag Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table 10. 
SERIAL Interrupt Request Flag Interrupt Request Initialize the serial interface by the Write Signal to the 


Serial Mode Register, when the Operation Mode is changed. 
@ Operating State of Serial Interface 
The serial interface has 3 operating states as shown in Fig. 11. 
The serial interface gets into “STS waiting state” by 2 ways: 
one way is to change the operation mode by changing the data 
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in the Port Mode Register, the other is to write data into the 
Serial Mode Register. In this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc- 
tion is executed, the serial interface changes its state to “SCK 
waiting state”’. 

In the “SCK waiting state”, the falling edge of first transfer 
clock affects the serial interface to get into “transfer state”, 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in “SCK wait- 
ing state’’ while the transfer clock outputs continuously. 

The Octal Counter becomes “000” again by 8 transfer 
clocks or execution of STS instruction, so that the serial inter- 
face gets back into the “SCK waiting state”, and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 


@ Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 
clock was disturbed by external noises. In this case, the transfer 


* ''Change PMR"’ means the change of 
operation mode as below: 








* Transmit Mode 
_* Receive Mode 
* Transmit/Receive 





Clock Continuous 
Output Mode 











SCK Waiting State 
(Octal Counter = ‘‘000"’) 







Transmit/Receive 
(I FS<’'4 y 





Interrupt 
Disable 





Transfer Clock 
Error Processing 





Fig. 12 Example of Transfer Clock Error Detection 


STS Waiting State 


Octal Counter = ‘000" 
Transfer Clock Disable 


Transfer Clock 


8 Transfer Clocks, 
STS Instruction 


(IFS <—‘'1"") 


clock error can be detected in the procedure shown in Fig. 12. 

If more than 9 transfer clocks are applied by the external 
noises in the “SCK waiting state”, the state of the serial inter- 
face shifts as the following sequence: first “‘transfer state” 
(while 1 to 7 transfer clocks), second “SCK waiting state” (at 
8th transfer clock) and third “transfer state” again. Then reset 
the SERIAL Interrupt Request Flag, and make “STS waiting 
state” by writing to the Serial Mode Register. SERIAL Inter- 
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 


Table 10. Serial interface Operation Mode 


SMR 


Bit3 | Bit 1 
1 | oO | Clock Continuous Output Mode 
Transmit Mode 
Fie ae aa 
ie ie eal 


Serial Interface Operating Mode 


Receive Mode 


— fea} 


Transmit/Receive Mode 














Change PMR* 


Transfer State 
(Octal Counter # 000") 





Fig. 11 Serial Interface Operation State 


= TIMER 

The MCU contains a prescaler and two _ timer/counters 
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The 
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit 
free-running timer. TIMER-B is an 8-bit auto-reload timer/ 
event counter. 


@ Prescaler 

The input to the prescaler is a system clock signal. The 
prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic “0”. The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler de- 
vide ratio of the clock signals are selected according to the 
content of the mode registers such as — Timer Mode. Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 
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TIMER MODE REGISTER B 


TMB(4bit) 
3 


(>) TIMER-B MPX erp 


DOIN 
se she Pi -|m!| 21g 
dbl Te [cp 


TIMER-A MPX 





SYSTEM 
CLOCK 


CPTA 


3 


TIMER MODE REGISTER A 


INTERNAL BUS LINE (S1) 


TL(4bit) 
TIMER LATCH 
(ees 


TCB(8bit) 
TIMER/EVENT COUNTER B 


> 


fesse INTERRUPT 
TLA(Bbit) archaea 


TIMER LOAD REGISTER 


I 


INTERNAL BUS LINE (S2) 


TCA(8bit) TAOF 
TIMER COUNTER A eae 


INTERRUPT 
REQUEST FLAG 
OF TIMER-A 


Fig. 13. Timer/Counter Block Diagram 


@ TIMER-A Operation 

After TIMER-A is initialized to $00 by MCU reset, it counts 
up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to 
“1”. Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 

The clock input signals to TIMER-A are selected by the 
Timer Mode Register A (TMA: $008). 


@ TIMER-B Operation 

Timer Mode Register B (TMB: $009) is used to select the 
auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER-B, select the R33/INT, 
as INT, and set the External Interrupt Mask (IM1) to “1” to 
prevent the external interrupt request from occurring. 

TIMERSB is initialized according to the value written into the 
Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 





TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- 


alized again and generate overflow output. In this case if the 
auto-reload function is selected. TIMER-B is initialized accord- 
ing to the value of the Timer Load Register. Else if the auto- 
reload function is not selected, TIMER-B goes to $00. TIMER- 
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 


®@ Timer Mode Register A (TMA: $008) 

The Timer Mode Register A is a 3-bit write-only register. 
The TMA controls the prescaler divide ratio of TIMER-A clock 
input, as shown in Table 11. 

The Timer Mode Register A is initialized to $0 by MCU reset. 


@ Timer Mode Register B (TMB: $009) 

The Timer Mode Register B is a 4-bit write-only register. The 
Timer Mode Register B controls the selection for the auto- 
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12. 

The Timer Mode Register B is initialized to $0 by MCU reset. 

The operation mode of TIMER-B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore, it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 


Table 11. Timer Mode Register A 


Bit 2 Bit oO Prescaler Divide Ratio 
ee ee ee +2048 
oe ee Se +1024 
oot 
+ 128 
ie oe ee = 32 
ee ee = 8 
a ae ae ae ee 7 4 
a aie ie ee = 2 
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Table 12. Timer Mode Register B 


TMB 
- Auto-reload Function 
Bit 3 
0 No 
1 Yes 
TMB Prescaler Divide Ratio, 
Bit 2 Clock Input Source 
o fo | o_ 2048 
0 | 4 [ oO Ff + 128 
ade g ai aied mc 
a ee ae ae: 
ae ae ao 
ae ae oe aa: 
1 a See a ee INT, (External Event Input) 


@ TIMER-B ee $00A, TCBU: see 
TLRL: $00A, TLRU: $00B 

TIMER-B consists of an 8-bit write-only Timer Load Regis- 
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high- 
order digit (TCBU: $00B, TLRU: $O0B). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 


PMR:$ 004 






TMA:$ 008 


>< frenafronas 
TMA2I TMA 11 TMAO 
x 


the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit islatched at the time when the high-order digit is read. 


@ TIMER-A Interrupt Request Flag (IF TA: $001, 2) 
The TIMER-A Interrupt Request Flag is set by the overflow 
output of TIMER-A. 


@ TIMER-A Interrupt Mask (IMTA: $001, 3) 
TIMER-A Interrupt Mask prevents an interrupt request 
generated by TIMER-A Interrupt Request Flag. 


Table 13. TIMER-A Interrupt Request Flag 








TIMER-A Interrupt 


Request Flag Interrupt Request 









TIMER-A Interrupt 
Mask 






Interrupt Request 


Enable 
Disable (Mask) 





@ TIMER-B Interrupt Request Flag (IF TB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 
output of TIMER-B. 


@ TIMER-B Interrupt Mask (IMTB: $002, 1) 


TIMER-B Interrupt Mask prevents an interrupt request 
generated by TIMER-B Interrupt Request Flag. 


SMR:$ 005 


SMR3]/SMR2 suey SMRO 
ay ener 


Pee Transfer clock selection 


Rao/SCK pin mode selection 


R42/SO pin mode selection 
R,1/S! pin mode selection 
R32./INTo pin mode selection 


R33/INT, pin mode selection 


TMB:$ 009 


TMB3/TMB2/TMB1ITMBO 
———_— | es 


Vile TIMER-B input clock selection 
Auto-reload function selection 


TIMER-A input clock selection 


Fig. 14 Mode Register Configuration and Function 
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Table 15. TIMER-B Interrupt Request Flag 









TIMER-B Interrupt 


t 
Request Flag Interrupt Reques 






TIMER-B Interrupt 


Mask Interrupt Request 






Enable 
Disable (Mask) 











= INPUT/OUTPUT 

The MCU provides 58 Input/Output pins, and they are con- 
sist of 32 standard pins and 26 high voltage pins. Each standard 
pin may have one of three mask options: (A) “Without pull- 
up MOS (NMOS open drain)”, (B) “With pull-up MOS”, or 
(C) “CMOS”. And also each high voltage pin may have one 
of two mask options: (D) “Without pull-down MOS (PMOS 


open drain)”, or (E) “With pull-down MOS”. As pull-down 
MOS is connected to internal Vgisp line, select Ray/Vdisp pin 
as Vdisp with mask option when at least one high voltage pin is 
selected as “With pull-down MOS” option. 

When any Input/Output common pin is used as input pin, it 
is necessary to select the mask option and output data as shown 
in Table 18. 


@ Output Circuit Operation of Standard Pins with ‘With pull- 
-up MOS” Option 

Fig. 15 shows the circuit used in the standard pins with 
“with pull-up MOS” option. 

By execution of the output instruction, the write pulse will 
be generated, and be applied to the addressed port. This pulse 
will turn “ON” the PMOS (B) to make the transient time 
shorten to obtain ‘High level’’, if the output data is changed 
from ““O” to ‘1’. In this case, the “write pulse” allows the 
PMOS (B) to turn “ON” as long as 1/8 instruction cycle. While 
“write pulse” is “‘O’’, pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes “0” in stop mode, so that MOS (A) 
(B) (C) turn “OFF”. 
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| Write pulse 


(Output 
instruction) 


PMOS(B) 
M, 






Pull up MOS (C) 
Ms; 






HL 


NMOS(A) 
M, 


Data 


Mos ON Resistance Value 
Buffer HMCS402C, HMCS402AC HMCS402CL 


to 160kQ (Vec = 5V) approx. 40kQ2 to 160kQ (Vcc = 5V) 


M, approx. 2502 approx. 1kQ2 
M, approx. 1kQ approx. 5kQ2 
M; approx. 40kQ approx. 75kQ to 1MQ (Voc = 3V), 


1 Instruction cycle 


een aetna el eed Eee 
Output instruction execution 
Write pulse ee Oe 


Fig. 15 Output Circuit Operation of Standard Pins with “with Pull-up MOS” Option 
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Table 17 1/0 Pin Circuit Type 


Without pull-up MOS : 
(NMOS open drain) With pull-up MOS CMOS (C) Applied 
(A) (B) pins 


HLT: ner HLT input HLT input 
data 
data i data ae 
1/0 V V write Vec Do D3, 
CC iVcc | 
pulse ee R30 ~R33, 
common HLT HLT 
LT R4o ~Ra3, 
PINS HLT 
Rso ~Rs3 
Siuesut output output 
dats data data 































wn 
c . 
2 V Vv write Ps 
a. cc cc 
> | Output pulse AS 
= pins _ HLT ae. 36 
< HLT Rgo~Rg3 
5 output output 
data data 
Roo™~Ro3 
Applied pins 
HLT 
1/0 boc [= output D4~D,5, 
common data Rio~Ris. 
pins R20 ~R23 
n 
& 
Q pees 
@ bo E output 
ao output data 
= Output 
> in Roo ~Ro3 
pins V 
x cc 
2 
- Vdisp 
HLT input 
data Rao, 
Vec Rai/Vdisp 
Vdisp 
(Note), In the stop mode, HLT signal is ‘’0’’ and 1/O pins are in high impedance state. (to be continued) 
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Standard pins 


Without pull-up MOS (NMOS open drain) =|. ; 
or CMOS (A or C) With pull-up MOS (B) 






SCK 









HLT 
HLT+mode select 












1/O 
common 
pins 





HiUT+mode select 









ee 


internal SCK 





internal SCK 


Output 
pins 


(Note 1). In the stop mode, HLT signal is ‘0’, HLT signal is ‘1’ and 1/O pins are in high impedance state. 
(Note 2) if the MCU is interrupted by serial interface in the external clock input rhode, the SCK terminal becomes input only. 
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Table 18 Data Input from Input/Output Common Pins 


Possibility Available pin condition 


1/0 pin circuit type of Input for input 


Standard Without pull-up 
pins MOS Yes mye 
(NMOS open drain) 


With pull-up MOS Yes “qe 
Without pull-down 
High MOS 
voltage (PMOS open drain) 


pins With pull-down nee 






Yes cs @ hg 






© HITACHI 


Applied pins 


SCK (Note 2) 
(Output mode) 








SCK (Note 2) 
(Input mode) 
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e D-port 

D-port is 1-bit I/O port, and it has 16 Input/Output common 
pins. It can be set/reset by the SED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table 17 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 


© R-port 

R-port is 4-bit I/O port. It provides 20 input/output com- 
mon pins, 16 output-only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data 
output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 


output-only and/or non-existing ports. 

The Raz, R33, Rao, Ra: and Raz pins are also used as the INTo, 
INT:, SCK, SI and SO pins respectively. Table 17 shows the 
classification of standard pins, high voltage pins and Input/ 
Output pins circuit types. 


m RESET 

The MCU is reset by setting RESET pin to “1”. At power 
ON or recovering from stop mode, apply RESET input more 
than trc to obtain the necessary time for oscillator stabiliza- 
tion. In other cases, the MCU reset requires at least two instruc- 
tions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 
Status after reset. 


Table 19 Initial Value by MCU Reset 


it Initial value by 
ons MCU reset 


$0000 


Program counter (PC) 
Status (ST) 


Stack pointer (SP) $3FF 


(A) Without pull- 
up MOS 
Standard pin| (B) With pull-up 
MOS 


(C) CMOS 


High voltage down MOS 
down MOS 


Interrupt Enable Flag (I/E) 


Interrupt Request Flag (IF) 
Interrupt Mask (IM) 


Port Mode Register (PMR) 
Serial Mode Register (SMR) 


Timer Mode Register A (TMA) 
Timer Mode Register B (TMB) 


1/0 pin 
output register 





Interrupt flag 


Mode register 


Timer/Counter, 
Serial interface 


Octal Counter 


(Note) MCU reset affects to the rest of registers as follows: 


itor After recovering from STOP mode 
by MCU reset 


Carry (CA) 
Accumulator (A) ; 
: The contents of the items before 
B Register (B)| MCU reset are not retained. 
W Register (W)| It is necessary to intialize them 
X/SPX Registers (X/SPX)| PY Software again. 
Y/SPY Registers (Y/SPY) 
Serial Data Register (SR){ Same as above 


The contents of RAM before MCU 
RAM reset (just before STOP instruction) 
are retained. 


“0000” 
“0000” 


“0000"’ 


$000 
Timer/Counter A (TCA) $00 


Timer/Event Counter B (TCB) $00 


Timer Load Register (TLR) $00 





Contents 


Execute program from the top of ROM address. 
Enable to branch with conditional branch instructions. 
Stack fevel is 0. 


Enable to input. 


Enable to input 


Enable to input. 


Enable to input. 


Inhibit all interrupts. 

No interrupt request. 

Mask interrupt request. 

See Item ‘‘Port Mode Register’’. 
See Item ‘’Serial Mode Register’’. 
See Item ‘‘Timer Mode Register A’’. 
See Item ‘Timer Mode Register B’’. 





After MCU reset except for 
the left condition 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them 
by software again. 


Same as above 


Same as above 
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® INTERNAL OSCILLATOR CIRCUIT filter oscillator, or resistor oscillator as shown in Table 20. In 
Fig. 16 gives internal oscillator circuit. The oscillator type any cases , external clock operation is available. 
can be selected from the followings; crystal oscillator, ceramic 

















Divider 
circuit 
1/8 









Timing 
generator 
circuit 


Oscillator 
(Selectable 
with mask 

options) 


System 
clock 


Fig. 16 Internal Oscillator Circuit 


Internal Oscillator Circuit Mask Option 


HMCS402C |HMCS402CL} HMCS402AC 


[ewanie] eo | 0 
re 
Dw fe | = 










Oscillator 








Divider 
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Table 20 Examples of Oscillator Circuit 





External clock 


operation 


Resistor 
oscillator 


Ceramic filter 


Circuit constants 


HMCS402C HMCS402CL HMCS402AC 


: ot 
Re = 20k242% 
Osc, 
Rf 
OSC, 


Ceramic filter Ceramic filter 
CSA4.00MG CSA2.000MK 
(Murata) (Murata) 


Circuit configuration 








































Ceramic filter 
CSA6.00MG 
(Murata) 


Ceramic 




















oscillator filter Re : IMQE2% Re : IMQ442% R¢ : IMQ1t2% 
C, : 30pF+20% C, : 30pF+20% C, : 30pF+20% 
: 30pF+20% C, : 30pF+20% C, : 30pF+20% 
> IMQ+42% R¢ : IMQ+2% 
C, : 10~22pF+20% C, : 10~22pF+20% 
C, : 10~22pF+20% C, : 10~22pF+20% 
Crystal: equivalent Crystal: equivalent 
Crystal circuit to the left circuit to the left 
oscillator Co : 7pF max. Co : 7pF max. 
Rs : 6022 max. Ry : 10092 max. 
f :2.0~4.5MHz f :2.0~6.2MHz 
Re : 2MQ+2% 
C, : 10~22pF+20% 
C, : 10~22pF+20% 
Crystal: equivalent 
circuit to the left 
Cy : 7pF max. 
GT cut parallel resonance crystal Rs : 10022 max. 
f :2.0~2.25MHz 
osc, | : ; * Vose, 
ros 
(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter 


maker. The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board. 
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter. 


(Note 2) Wiring among OSC ;, OSC, and elements should be as short as possible, and never cross the other wirings. Refer to the recommend- 
able layout of crystal and ceramic filter. 
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® LOW POWER DISSIPATION MODE 

Do [7 The MCU provides two low power dissipation modes, that is, 
a Standby mode and a Stop mode. Table 21 shows the function 
of the low power dissipation mode, and Fig. 18 shows the 
diagram of the mode transition. 





eset (CX 


Fig. 17 Recommendable Layout of Crystal and Ceramic Filter 





Table 21 Low Power Dissipation Mode Function 


















Condition 


Oscillator | Instruction | Register, Interrupt RAM 
circuit execution Flag function 
SBY : . ; 3) ; 
[acum | Abe | Soe] eos | ate | Aa 
STOP #1) 7 High*2) 


*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19. 

*2) A high voltage pin with a pull-down MOS option is pulled down to the Vdisp Power supply by the pull-down MOS. As the MOS is ON, a pull- 
down MOS current flows when a voltage difference between the pin and the Vaisp voltage exists. This is the additional current to the current dis- 
sipation in Stop Mode (I.top). 

*3) Asa I/O circuit is active, a 1/O current possibly flows according the state of 1/O pin. This is the additional current to the current dissipation in 
Standby Mode (Isgyi, Issy2). 


Active 
mode 
eo ” 


oy 





Low Power 


Recovering, 
Dissipation Mode 


method 









RESET Input, 


Retained interrupt request 


Standby mode 






Stop mode RESET Input 


counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When.canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is “1”, the interrupt is executed. If the Interrupt Enable Flag 
is ‘‘O”, the interrupt request is held on and the normal instruc- 
tion execution continues. 

Fig. 19 shows the flowchart of the Standby Mode. 









» 
Or 
& 


@ Stop Mode 

The STOP instruction brings the MCU into the Stop mode. 
In this mode the oscillator circuit and every function of the 
MCU stop. 
Fig. 18 MCU Operation Mode Transition The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 20, apply the RESET input for more than trc 
to get enough oscillator stabilization time. (Refer to the “AC 


@ Standby Mode CHARACTERISTICS”.) After the Stop mode is canceled, 
The SBY instruction puts the MCU into the Standby mode. RAM retains the state it had just before going into the Stop 
In the Standby mode, the oscillator circuit is active and timer/ mode, The other hand, Accumulator, B Register, W Register, 


X/SPX Registers, Y/SPY Registers, Carry and Serial Data 
Register don’t retain the contents. 
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SBY 


Oscillator Active 

Peripheral Clocks 
Active 

All Other Clocks 

Stop 





Restart Restart 
Processor Clocks Processor Clocks 
No 


(A) (B) Yes (C) 
Instruction Accept 
Fig. 19 MCU Operating Flowchart 


Stop mode 


as 


Internal clock _| = LJ 


RESET 
| | tres | 


STOP instruction execution (more than stabilization time: tac) 







Fig. 20 Timing Chart of Recovering from Stop Mode 
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@ RAM ADDRESSING MODE © Direct Addressing 


As shown in Fig. 21, the MCU provides three RAM address- The direct addressing instruction consists of two words and 
ing modes; Register Indirect Addressing, Direct Addressing and the second word (10 bits) following Op-code (the first word) is 
Memory Register Addressing. used as the RAM address. 

@ Register Indirect Addressing © Memory Register Addressing 

The combined 10-bit contents of W Register, X Register and The Memory Register Addressing can access 16 digits 

Y Register is used as the RAM address in this mode. (Memory Register: MR) from $020 to $02F by using the LAMR 
and XMRA instruction. 
W-Register X-Register Y -Register 


| a REET 
hatloe 
Ie recleaaeile ie ees 


(a) Register Indirect Addressing 










RAM Address 


Instruction 1st Word Instruction 2nd Word 


| eT US i Ae a II 
OP Code 
d, 


a ee 


(b) Direct Addressing 










RAM Address 





Instruction 


SS Se 
Con. iuiatatal 


(c) Memory Register Addressing 










RAM Address 


Fig. 21 RAM Addressing Mode 
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® ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 
in Fig. 22. 


® Direct Addressing Mode 

The program can branch to any addresses in the ROM 
memory space by using JMPL, BRL or CALL instruction. 
These instruction replace 14-bit program counter (PC,3 to 
PCy) with 14-bit immediate data. 


@ Current Page Addressing Mode 

ROM memory space is divided into 256 words in each page 
starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace the 
low-order eight bits of program counter (PC, to PCy ) with 8-bit 


Instruction 1st Word 


(UMPL) 
(CALL) eeepc 














de, ds da  d3, d2, di do 


( 
Program Counter |PCi3 PCi2 PC; PCio PCy PCs PC, PC. PCs PC, PC; PC, PC, PCo 


immediate data. The branch destination by BR instruction on 
the boundary between pages is given in Fig. 24. 


® Zero Page Addressing Mode 

The program branches to the zero page subroutine area, 
which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PCs to PC) and “‘0’s” are placed in high-order eight 
bits (PC\3 to PC,). 


@ Table Data Addressing 

The program branches to the address determined by the 
contents of the 4-bit immediate data, accumulator and B regis- 
ter, using TBR instruction. 


Instruction 2nd Word 










Po do ds d, 





(a) Direct Addressing 


Program Counter PC:2 PCy, PCi; PCyo PCy PCxs PC, PC. PCs PC, PC3 PC, PC, PC, 


Instruction 








O 







(b) Current Page Addressing 


Program Counter 


' 
PCi3 PCi2 PCi, PC ro PCy PC, PC, PC. PC; PC, PC3 PC, PC, PCo 


Instruction 








(c) Zero Page Addressing 


Instruction 


(TBR) 





Program Counter |PCis3 PCi2 PC 1, PC io PCy PCs PC, PC, PCs PCy PC, PC, PC; PCo 


(d) Table Data Addressing 


Fig. 22 ROM Addressing Mode 
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Instruction 


(P) 





eee ees 





B Register Accumulator 


(a) Address Designation 





(b) Pattern Output 


Fig. 23 


@ P Instruction 

The P instruction refers ROM data addressed by Table Data 
Addressing. ROM data addressed also determine its destination. 
When bit 8 in referred ROM data is “1”, 8 bits of referred 


256(n- 1)+ 255 
256n 


256n +254 
256n + 255 
256(n + 1) 





Fig. 24 The Branch Destination by BR Instruction on 
the Boundary between Pages 


P Instruction 


ROM data are written into the accumulator and B Register. 

When bit 9 is “1”, 8 bits of referred ROM data are written into 

the Rl and R2 port output register. When both bit 8 and 9 are 

“1” ROM data are written into the accumulator and B Register 

and also to the R1 and R2 port output register at a same time. 
The P instruction has no effect on the program counter. 


© Description of the branch destination on page boundary 
When BR is on page boundary (256n + 255), BR instruction 
transfers the contents of PC to the next page with hardware 
architecture. Therefore, the program branches to the next page 
when using BR on page boundary. 
The HMCS400 series cross macro assembler has automatic 
paging facility for ROM page. 


® INSTRUCTION SET 
The HMCS402C/CL/AC provide 99 instructions. These in- 

structions are classified into 10 groups as follows; 

(1) Immediate Instruction 

(2) Register-to-Register Instruction 

(3) RAM Address Instruction 

(4) RAM Register Instruction 

(5) Arithmetic Instruction 

(6) Compare Instruction 

(7) RAM Bit Manipulation Instruction 

(8) ROM Address Instruction 

(9) Input/Output Instruction 
(10) Control Instruction 
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OPERATION 


Load A from Immediate 


Load B from Immediate 


Load Memory from Immediate 
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Table 22. Immediate Instruction 


WORD 
MNEMONIC | OPERATION CODE | FUNCTION | STATUS a 
CYCLE 


LAI i 10001 Tisizivio | iA | 
CBI TO0000w nw | BY 


aie a 
dg dg d7 dg ds da d3 dz di do 


Load Memory from Immediate, Increment Y LMIlY i 101001 13 i251 to ji >M,Y+ 1-Y 74 


OPERATION 


Load A from B 
Load B from A 
Load A from Y 
Load A from SPX 
Load A from SPY 
Load A from MR 
Exchange MR and A 


OPERATION 


Load W from immediate 
Load X from Immediate 
Load Y from immediate 
Load X from A 

Load Y from A 
Increment Y 

Decrement Y 

Add A to Y 

Subtract A from Y 
Exchange X and SPX 
Exchange Y and SPY 





OPERATION 


Load A from Memory 





Load A from Memory 
Load B from Memory 
Load Memory from A 


Load Memory from A 


Load Memory from A, Increment Y 


Load Memory from A, Decrement Y 


Exchange Memory and A 


Exchange Memory and A 


Exchange Memory and B 
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Table 23. Register-to-Register Instruction 


WOR 
MNEMONIC OPERATION CODE FUNCTION | STATUS es 
YCLE 


LAB 0001001000 B-+A 
L 


Table 24. RAM Address Instruction 


A 001100100 Of AB | 


MNEMONIC | OPERATION CODE FUNCTION STATUS 


LWI i 001111001, -—W | 


LXt i 1000 1 0 i3 i2 i; io 
LY! i 100001 13 12h) Io 


WwW 

X 

Y 
Xx 
Y 


LYA 0011011000 


j-——— 
ee ee 
LXA 0011101000; A—=x | 


1Y 0001011100{ Y+I—Y | NZ 


AYY 0001010100] Y+AY | OVF 


Exchange X and SPX,Y and SPY XSPXY 


Table 25. RAM Register Instruction 


MNEMONIC | OPERATION CODE FUNCTION 
X++SPX 


LAM(XY) 00100100yx 


0110010000 
do dg d7 de ds da d3 d2 dG: do 


LBM(XY) 00010000yx 


LMA(XY) |00100101yx AM, (¥77S8%) 
0710010100 mz 

aia We do dg d? de ds da d3 d2 di do 

LMAIY(X) 000101000x |A—M.Y + 1-+Y(x- -sPx) 

LMADY(X) |001101000x |A+M,Y—1-Yix.-sPx) 

XMA(XY) |00100000y x MA, (¥° 788%) 
01 


Y«+SPY 
XMAD d 1OQ000000 
dg de G7 de ds da G3 d2 di: do 


00110000yx 




















a 
> 
= 
oO 
a 


XMB(XY) MB, (¥.72py) 
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STATUS 


NZ 


En t 


1 
1/1 
2/2 
A 


ORD 


1 
1/1 
Lt 
171 
171 
1/1 
171 


WORD 
oe 
71 
1/1 
1/1 
1/1 
1/1 
V1 
171 
1/1 
141 
141 
1/1 
1/1 


WORD 
1/1 
2/2 
1 
1 
2/2 
171 
1 
1/1 
2/2 


1/1 
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Note) (XY) and (x) have the meaning as follows: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.) 


FUNCTION 





Table 26. Arithmetic Instruction 


OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS ae 
Add Immediate to A “ALi 110100 Oisi2 ir io AyiS8 OvF | 11 
‘Increment B IB 0001001100| B+1—B 1/1 
‘DecrementB ~—«<|-~Sd2DB 901100111 1 B-1-8 | NB | 1/1 
Decimal Adjust for Addition DAA 0010100110 1/41 
Decimal Adjust for Subtraction | DAS 0010101010] La 
Negate A NEGA |}0001100000 A+1--A 1/1 
Complement B i COMB 0101000000 B--B 1271 
‘Rotate Right A with Carry ——S*«|_-«zROTR 0010100000|_ a ae 
Rotate Left A with Carry ROTL 0010100001|~ . 1/1 


Set Carry SEC 00111011141 1-+CA 141 

Reset Carry REC 0011101100 O->CA V1 

rrr rarer rere aeeereaetctretamaetns mahre 

Test Carry i 0001101111 CA 1/41 

Add A to Memory AM 0000001000 M+A—A OVF 7 
Q 

Add A to Memory AMD d | Gededrdedsdeda ded do 2/2 


M+A+CA->A 
A 1 
dd A to Memory with Carry AMC 0000011000 OVE>CA 41 


OVF 
OVF 
Add A to Memory with Carry 1 OO.G) MANE ae 2/2 






43 d2 d:; do OVF>CA 
M—-A-CA-+A 
NB>CA 


Subtract A from Memory with Carry 1/1 










Subtract A from Memory with Carry SMCD d 2/2 


iP de ad di dseidi a 








OR A and B OR Ai BA tf) 

AND Memory with A ANM 0010011100{ AMMA NZ | 1/1 

AND Memory with A ANMD d |Q11TOOTTTOO) arma | nz | 2/2 
dg de d7 de ds da d3 d2 di do ae 

OR Memory with A ORM 0000001100] AJM-+A N22 4 



















272 
1/1 


OR Memory with A 
EOR Memory with A 
EOR Memory with A 


0100001 a 
do dg d7 de ds da d3 d2 di do 
0000011100 


1 11100 
dg dg d7 de ds da d3 d2 di do 





















EORMD d 
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Table 27. Compare Instruction 


WORD 

OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS re 

. YCL 

Immediate Not Equal to Memory INEM i 00001 Ois iz ir ic 1/1 

immediate Not Equal Memory | NEMO va QLOOTO UTE 2/2 

A Not Equal to Memory ANEM 0000000100 NZ V1 
OTO0000100 

A Not Equal to Memory ANEMD a dg dg d? de ds da 3 d2 di do shes 

B Not Equal to Memory BNEM 0001000100 1/1 

Y Not Equal to immediate YNEI 1 000111 is i2i; io 1/1 

immediate Less or Equal to Memory | ILEM i 0000 71:1 Hint poinM [NB | 4 
: QO10071 1igigit 

immediate Less or Equal to Memory ILEMD id dedededed Gad f a: | iM of NB 2/2 

A Less or Equal to Memory ALEM 0000010100 | AM [| NB | 1/1 

OTOOOTOT00 : 

A Less or Equal to Memory ALEMD d do ded? de ds da Gado ds do | Asm | NB | 27 2 

B Less or Equal to Memory BLEM 0011000100 | BM = [ NB | 1/1 

A Less or Equal to Immediate ALE! i VOTO 4 Miginivio fo As | NB LAA 


Table 28. RAM Bit Manipulation Instruction 





WOR 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION |STATUS ee 
Set Memory Bit 00100001mino| 1-+Min) a 1/1 
O1TTOOOOT 
Set Memory Bit SEMD n.d Gc'dads deds did d nee 1—Mi(n) es 2/2 
Reset Memory Bit PREM n | 00100010nino| O-+Min) P| 1/1 
01100070%Nn 
Reset Memory Bit | REMD n.d | de dg dy de ds da dado drde | — O-* Min) as 2/2 
Test Memory Bit |TMn  |0010001 tninof Fin) V1 
| OTTOOOT IHN 
test Memory, Be TMD n.d | Godedtecededsormas| | Min) | 272 


Table 29. ROM Address Instruction 


191 1 Q P3P2P1Po 
_ | dg dg d? de ds ds d3 d2 di do 


BR p |00101 1 ps3p2pipo 
0000010000 


Long Subroutine Jump on Status 1 








Table Branch 


3/0 
> 

i 

| — 

c 





Return from Subroutine RTN 


~]WORD. 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS ee 
CYCLE 

Branch on Status 1 1 1 brbebsbababab ibo ee ee 
0101 1 1 P3P2Pipo 

Long Branch on Status 1 BRL u 2/2 
ep =F 71010 1 P3P2PiPo0 

Long Jump Unconditionally are JMPL ou Ho te de de de do da Gi Go fewest skies 

Subroutine Jump on Status 1 CAL a |0O1 1 1 a5aaa3a2a1a0 c= 1/42 















1 ~+I/E / 
Return from Interrupt RTNI 0000010001 CA RESTORE ST 1/3 
Table 30. Input/Output Instruction 
WORD 
OPERATION OPERATION CODE FUNCTION | STATUS ea 
CYCLE 
Set Discrete I/O Latch SED 00111003100 T/1 





SEDD m {10 11 1 0 m3mamimo an 


anes 
0001100100/| o-DY) 1/1 
100110 aS 1/1 
0011100000 py) | 11 


Set Discrete !/O Latch Direct 


Reset Discrete |/O Latch 














Test Discrete 1/O Latch 














Test Discrete !/O Latch Direct 

Load A from R-Port Register Rim)—-A 1/1 
Load B from R-Port Register i 100 1 0 0 m3smzmimo e+ V1 
Load R-Port Register from A oa aera fa T/l 
Load R-Port Register from B (1.0110 0 mamamimo{ B—-Rim) | | V/1 
Pattern Generation 01101 1 ps3pep: Pof 1/2 
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Table 31. Control Instruction 


WORD 
OPERATION MNEMONIC; OPERATION CODE FUNCTION STATUS ee 
CYCLE 
1 


No Operation 0000000000 


Start Serial STS 0101001000 


Stand-by Mode SBY 0101001100 a Coles a 
Stop Mode STOP 0101001101 aaa ae 


Table 32. Op-Code Map 

































































SS aera eee] 3 
me oT* [213] 4] 8] e] 7] ®]@] A] 8] clo] er | ols] 2] 3] 4[s|s]7 [ell alele|olelr 
a Ae ee ee el el el 
et ce a — Dae en ee ee 
INEM (4) : INEMD (4) 
4 [camo Re Yin 8 on | OL 
ee 
| 6 [Neca RED eT CALL p(4) 
0 7 YNEI i(4) BRL p(4) 
[ewan [Sem way [REM n@) [TM ia) fg Sew a) J REM ai [TWO oi@i 
re | _tamoen, | tmavevy [swe owing i San 
a [pen] ow os|__—— Mio 
| | TBR p(4) P p(4) 
re] xen aa Tian] 1 
8 ownove fo nl ak xe 
F[ wow |. 
| 0 | . 
a 
2 | 
3 
mA 
5 | 
BR b(8) 
‘| 8| 
: 
XMRA m(4) 
s 7 : ... RAM Direct Address ... 2-word/2-cycle 
- cone ie lca a Instruction - ee 


(2-word/2-cycle) 
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HMCS402C/CL/AC 
MASK GPTION LIST 
5V Operation O HMCS402C 


3V Operation : O HMCS402CL 


High Speed Operation : CO HMCS402A 












ROM Code Name 
LSI Type Number 
(Hitachi's entry) 


* Please enter check marks in D (™, X,V/). 





























EO Oprion Note (I/O options masked by @ are not available.) 
spurt 
ee ee alee ii IRS Bd AB 
[op le [wow | | | YY [anol [| _mowown | | | Gy 
[| Or |s%| Inpurv/Ouper [| [| | YY | R32 | | __Inpuv/Ourput | | | YY 
B31 [inpuvouet_ |} 1 Of, _tRss] 4 4[inputouret | | OH 
[Ds | & [LinpuvOunr YYyyyyy, | Rea [_inpuvOurnut_ |__| | YY 
di; | _[_tnpuvounrr YYYYyyy7 Res | & [| Oupur |_| YY) 
TT ee 
R Supa] YW, 
Ces en TCR 77/7 77 oe TT yy 
is | & [inpuvOuw Y7777 77, | rey | «36 Cutt st ST Sd 
nput utput = = a ease mark on 
j Inelorrss Va | \ li tle 


* Please enter ‘‘O’’ in applicable item for |/O option selection. 


A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS 

C; CMOS (not be used as Input) 

DO; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 
(2) Radq/Vdisp (3) Package 


Rat/Vdisp 
0 Ray: Without Pull-down MOS (D) O DP-64S (shrink package) 








* Please enter check marks (@, X, Y in applicable item. * Please enter check marks (t#, X,\/) in applicable item. 
Note) Ra4/Vdisp has to be selected as Vygisp pin except for the case that all High Pins are option D. 


(4) Divider (DIV) (5) ROM Code Media 


Clock Divide Ratio ROM Code Media 
@ Divided-by-8 0 EPROM: Emulator Type 


O EPROM: EPROM On-Package Microcomputer Type 
Check List of Application 


(A) Oscillator (CPG option) 


[Jn 026 t5v Operation) J 026 @v Operation) [40206 (High Speed Operation! | 

D Resistor (Rp=20kQ27%) | 
cPG Ceramic Filter 
Option [I Grystal 


* Please enter check marks (@, X,/) in applicable item. 
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HMICS404C(HD614042)/ 
HNMICS404CL(HD614045)/ 
HMCS404AC(HD614048) 


DESCRIPTION 

The HMCS404C/CL/AC are CMOS 4-bit single-chip micro- HMCS404C, HMCS404CL, HMCS404AC 
computers which are members of the HMCS400 series. 

The HMCS404C/CL/AC have efficient and powerful architec- 
ture and its software is very similar to the HMCS40 series. 

These microcomputers provide variety of on-chip resources 
such as ROM, RAM, I/O, two timer/counters and a serial 
interface to perform in wide users’ applications. I/O pins of 
HMCS404C/CL/AC are able to drive fluorescent display tube 
directly. 

The HMCS404CL is able to operate in low voltage and has 
the characteristics of wide-range operation voltage. 

The HMCS404AC is a high-speed version of HMCS404C. 






HARDWARE FEATURES 
4-bit Architecture 
4,096 Words x 10-bit ROM 
256 Digits x 4-bit RAM 
58 1/0 Pins, Including 26 High Voltage I/O Pins (40V Max) 
Two Timer/Counters HMCS404C, HMCS404CL, HMCS404AC 
11-bit Prescaler 
8-bit Free Running Timer 
8-bit Auto-Reload Timer/Event Counter 
Clock Synchronous 8-bit Serial Interface 
@ Five Interrupts 
External 2 
Timer/Counter 2 
Serial Interface 1 
@ Subroutine Stack 
Up to 16 Levels Including Interrupt 
@ Two Low Power Dissipation Modes 
Standby — Stops instruction execution while keeping 
clock oscillation and interrupt functions in 
operation 
Stop — Stops instruction execution and clock oscil- (FP-64) 
lation while retaining RAM data 
@ On-Chip Oscillator 
External Connection of Crystal, Ceramic Filter or Resistor @ EPROM On Package Microcomputer; HD614P080S 


(DP-64S) 








(externally drivable) Mask options are fixed as follows: 
(Resistor oscillator is available only to the HMCS404C) e !/Opin — : Open Drain 
e Oscillator : Crystal Oscillator or Ceramic Filter Oscillator 
® SOFTWARE FEATURES (externally drivable) 
@ Instruction Set Similar to and More Powerful than HMCS40 e Divider  : Divided-by-8 


Series; 99 Instructions 
® High Programming Efficiency with 10-bit ROM/Word; 79 
instructions are single-word instructions 


@ Direct Branch to All ROM Area ® HMCS404C/CL/AC CLASSIFICATIONS 
@ Direct or Indirect Addressing to All RAM Area 
® Subroutine Nesting Up to 16 Levels Including Interrupts ite Type Name | HMCS404C} HMCS404CL| HMCS404AC 
@ Binary and BCD Arithmetic Operation (HD614042)) (HD614045); (HD614048) 
@ Powerful Logical Arithmetic Operation 
@ Pattern Generation — Table Look Up Capability — 6 
@ Bit Manipulation for Both RAM and |/O 

Minimum Instruction 
m PROGRAM DEVELOPMENT SUPPORT TOOLS Erection Lime Us) p13 





@ Cross assembler and simulator software for use with IBM 
PCs and compatibles 
@ In circuit emulator for use with IBM PC 
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HMCS404C/HMCS404CL/HMCS404AC 





= PIN ARRANGEMENT 


# BLOCK DIAGRAM 


r 
' 
' 
| 
i 


Rai/Vausp 


Rao 








(Top View) 


Rae! Far Rais 
sk $i so 












Ray Rar /PRas ‘Rao: 
sO Sit SCK 


SERIAL 
INTER 
FACE 






TIMER 
A 


Rx/Rinn Fn 
INT, (NT, 






Dio 

* Ber 

a0a 

bi] D? 

A Os Roi 

GOs Ro2 

mw Oa 
D3 Ros 

Sy) Rio 

Ris 
GNO Riz 

2 OSC2 
OSC. Ri3 
TEST R20 

mw RESET Rai 

A R93 
Rs) R22 
Ra R23 

TH] Rao R 

a4 Raa on 12 
Ree Rai /Vdispl13] 
Rai R30 [14] 
R 80 

agoRa R31 

BR? R32/INTo 

HR eee 
Ro R33 INT, 
Ra3 R 

1 Ra, /SO * 

A Ra: /SI R 
Rao /SCK " Ee 





int NT, RESET TEST OSC. OSC, Vcc GND 







EXTERNAL SYSTEM CONTROL 


TIMER 
8 INTERAUPT 





INTERAUPT CONTROL 





INSTHUC 
TION 


RAM 






256 x 4 bit 








DECOD 
£R 























t im’ 1 
‘ RiyRas Ray Ra 11 Bis Ri Bye Pio ! 


' 
+ RoyRor Ror Roo + 
Me brn Se eet cepa et lve ae Bowe & 4 ~ 


.__4 High Voltage Pins 
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HMCS404C/HMCS404CL/HMCS404AC 





= ABSOLUTE MAXIMUM RATINGS 


Supply Voltage a eT 
sranninalveliage pvr ese tee 8S 3 
"Veo 45 t0 Ve +03 | V | 4 
Total Allowance of Input Currents ee ee 7 5 
Total Allowance of Output Currents | Elo | 150 | mA 6 
Maximum Input Current a 
a oe WA 0 
Maximum Output Current SSaeeh es ee 9,11 


(Note 1) Permanent damage may occur if ‘‘Absolute Maximum Ratings” are exceeded. Normal operation should be under the conditions of 
“Electrical Characteristics’. If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

(Note 2) All voltages are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage pins. 

(Note 5) ‘Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously. 

(Note 6) Total allowance of output current is the total sum of the output current which flow out from V¢¢ to all 1/O pins simultaneously. 

(Note 7) Maximum input current is the maximum amount of input current from each |/O pin to GND. 

(Note 8) Applied to Do ~ D3; and R3 ~ R8. 

(Note 9) Maximum output current is the maximum amount of output current from Vcc to each I/O pin, 

(Note 10) Applied to Dy) ~ D3 and R3 ~ R8., 

(Note 11) Applied to RO ~ R2. 

(Note 12) Applied to D, ~ D,s. 


@® HITACHI 
124 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 ¢ (415) 589-8300 





HMCS404C /HMCS404CL/HMCS404AC 


@ HMCS404C ELECTRICAL CHARACTERISTICS 


@ DC CHARACTERISTICS (Vcc = 4V to GV, GND = OV, Vuisp = Voc —40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Item 
—- | min | ve | — 
volte m i ne oe 
a 
RESET, SCK 
INT, -0.3 0.22V 
van fy, REE | | ee 
Voltage seo 08 = | 0.22V ce 
pose, 0s 
oon: wr Pew —_| a 1 OmA Vv —] 0 
ume "H” | y., [atKso [aes tOmA | Veet [= [= 
an sar CONS sas ee ae 
Output ‘’‘Low” eee 
RESET, SCK 
Input/Output rw, 
aie) Mat | Sua ac 
, ¢ 1 
Crystal or 
Ceramic Filter 
Current oe es _ 2.0 
Dissipation in lec Vee Vec=5V f= Ae 
Active Mode ee 
Oscillator 
Option = 
fogs = 4MHz 
Crystal or 
Ceramic Filter 
Maximum 
Logic 
Operation 
Vec = 5V 
Current 


Dissipation in 


Standby Mode 


Current 
Dissipation in 
Stop Mode 
Stop Mode 


Retain Voltage Vcc 

























= 
















Ceramic Filter 














_ Oscillator 
Minimum | Option 
Ispy2 Vec Logic» ose =4MHz 
Operation 
Veco =5V_ | Resistor 
Oscillator 
Option 


fog: = 4MHz 











Vin(TEST) = Vee-0.3V to Voc 
Vin(RESET) = OV to 0.3V 
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(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; ® Reset state in Operation Mode 
Pin state; ® RESET, TEST -..- Vcc voltage 
e Do ~D3, R3~R9 --- Vcc voltage 
eD,~D,;, RO~R2, R no Rate Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; @ Standby Mode 
@ Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
@ TIMER-B; +2 prescaler divide ratio 
® SERIAL Interface ; Stop 
Pin state; ® RESET ..-GND voltage 
© TEST --- Vo voltage 
®D,~D;, R3~RQ --- Voc voltage 
®D,~D;;, RO~R2, Rao, Ray see Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state 
® TIMER-A; +2048 prescaler divide ratio 
® TIMER-B; +2048 prescaler divide ratio 
@® SERIAL Interface .; Stop 
Pin state; @ RESET.... GND voltage 
e TEST --. Voc voltage 
©D,. ~D3, R3~RQ --- Voc voltage 
©D,~Dis, RO~R2, Rag, Rai - Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 





(Note 6) When fosc=X [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max, value (f4..=x [MHz] ) =7x max. value (fog¢=4[MHz] ) 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vec = 4V to 6V, GND = OV, Vaisp = Vcc —40V to Voc, Ta = —20 to +75°C, if not specified.) 


Input “High” . Do ~ D3, 
Voltage Vin R3 ~ R5, RQ 0.7Vec Vec+0.3 
« Do ~ D3, 
Voltage Vit R3~ R5. RQ | 03 | = | 0.22Vec ce 


Input ‘Low 





Output “High” 
Voltage 





Output “Low” sue 

Voltage oo: R3~ R8 ase TT 
Input/Output s 
Pull-Up MOS Do ~ Ds, Voc = 
Current R3~ RO Vin = a 

(Note 1) Applied to 1/O pins with “CMOS” Output selected by mask option. 


(Note 2) Pull-up MOS current and output buffer current are exciuded. 
(Note 3) Applied to I/O pins with “with Pull-up MOS” selected by mask option. 
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@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee = 4V to 6V, GND = OV, Vuisp = Vcc —40V to Vcc, Ta = —20 to +75 °C, if not specified.) 


Value 
Input “High” Da ~ Dis, ) aes 
Input “Low” Da~Dis | 


























=lgn=16mA, Veo=BVEIOR a maa 
Output “High” = V 
Voltage , is ae [ov 
Nec= 30 V 
Vaen = Ver —40V Vec—37 1 
Input/Output Wie | Da~Dis 
Leakage Me RO~ R2 3 
Current Rao, Rat 
Da~Di1s 
eee eee de RO~ R2 125 | 250 uA 4 
urrent 
Rao, Rai 





(Note 1) Applied to t/O pins with “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to {/O pins with “without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with ‘‘with Pull-down MOS” selected by mask option. 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 127 





HMCS404C /HMCS404CL/HMCS404AC 


@ AC CHARACTERISTICS (Vcc = 4V to 6V, GND = OV, Vuisp = Vcc —40V to Voc, Ta = —20 to +75°C. if not specified.) 


) Test a 7 
tem Symbol Conditions [min | typ | Unit Note 


= [oom [Poe 
a ae ee 


ae ‘ 20 
Oscillator Stabilization 


Oscillation Frequency tog OSC, , OSC, Re2onere| 18 | 30 | 4.2 
0 2% 1.9 2.6 


instruction Cycle Time te Rf=ZOkt2% 16 4.44 Us 


Oscillation Frequency 


= 
<= 
N 


na 


Instruction Cycle Time 


Oscillator 
A 


Crystal or 
Ceramic Filter 


Resistor 
Oscillator 






stl lator Stabilization See voscs. Incomes os 
External Clock Frequency | fcop Paes 5 
External Clock “High” 

Level Width tcPH Lo A > 


External Clock 


External Clock ‘‘Low” 
External Clock Rise Time tcp, | osc, | | 


External Clock Fall Time tops 
Instruction Cycle Time Teve 


INTo “High” Level Width tioH INTo 
INTo ‘‘Low” Level Width tio. INTo 


INTi “High” Level Width re 2 = 
INT: “Low” Level Width tae INT Po 
RESET “High” Level Width tRsSTH RESET 
: f=1MHz 


RESET Fall Time ie a ee 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.0V at “Power-on”, or after RESET input 
level goes to ‘’High”’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering from stop 
mode, apply RESET input more than tac to obtain the necessary time for oscillator stabilization. When using crystal or ceramic 
filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on 
the circuit constant and stray capacity. 


NO 
2 
od 
7-9 








2 fff 
a : j 
< 
OQ oO 
> Siw! wl] Wlwil NM; NM] HO 


Crystal osciflator Ceramic filter oscillator Resistor oscillator 





Crystal a vt OSC, 
iltereS Ry Re 
OSC, 
GND GND 
Crystal: 4.194304MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) Rf : 20k2+2% 
Rf: 1MQ +2% Rf: 1IMQ+2% 
Ci : 22pF+20% Ci ; 30pF+20% 
C2 : 22pF+20% C2 ; 30pF+20% 
(Note 2) (Note 3): 








Vcc-0.5 





Osc, 
0.5 


tCPr tcPf 


(Note 4) 


RESET 
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@ SERIAL INTERFACE TIMING CHARACTERISTICS 


(Vcc =4V to 6V, GND = OV, Viaisp = Vec —40V to Vcc, Ta = —20 to +75°C, if not specified.) 


* At Transfer Clock Output 


Transfer Clock Cycie Time tseye 


Conditions | min | typ max 
(Note 2) 1 = = 





1,2 


Test | 
Item Symbol Pin Name si Unit Note 
teye 





SC 
Transfer Clock ‘‘High”’ 
Transfer Clock “Low” 
Transfer Clock Rise Time tsckr oe (Note 2) — 1,2 
Transfer Clock Fall Time tscKt (Note 2) a ae Se 1,2 
Serial Output Data 
Serial Input Data Setup Time | Tos hee ee , 
Serial Input DataHold Time _| tsi aan: Fe ee ee | 


* At Transfer Clock Input 


ee 

5 

es ae 

Item Symbol! /Pintiome | cont [min [typ max | Note 

Transfer Clock Cycle Time tseye ne 
Level Width SCKH é 
Level Width SCKL Pa 
Transfer Clock Fall Time tscKs ISO SN ORIOL Goel eee ! 
safarre fee [we owe [fm [os 
Serial Input Data Set-up Time tss1 ae hee eee ae 
Serial Input Data Hold Time tac; ae ae 150) 1 


(Note 1) Timing Diagram of Serial Interface 


(Note 2) 









Scyc 
tsckr 
SCK Vee —2.0V(0.7 Vcc 1* 

0.8V(0.22Vcc) * 


Vec —2.0V 
0.8V 






so 


( 





*Vecc — 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


Timing Load Circuit 


Vcc 
Ri = 2.6kQ 
Test 
Point 
Cc R 1$2074@ 
30pF¢— 12kQ TOF Equiv. 
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® CHARACTERISTICS CURVE (REFERENCE DATA) 











fosc( MHz) 


Vec(V) 


loc vs. f9s-Characteristics 


lcc vs. Voc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 


(Crystal, Ceramic Filter Oscillator Option) 





fosc( MHz) yeti 

cc 
loc vs. Vcc Characteristics 
(Resistor Oscillator Option) 


loc vs. fosc Characteristics 
(Resistor Oscillator Option) 


Issy1, Issy2(mA) 


Issy1, lsay2(mA) 





fosc( MHz) Vece(V) 
Ispy vs. fosc Characteristics 


Ispy vs. Voc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 


(Crystal, Ceramic Filter Oscillator Option) 
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—Ip( uA) 
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2.0 


Isay1, Ispvz(mMA) 
—, 
ho 


fosc (MHz) 
Ispy vs. fogsc Characteristics 
(Resistor Oscillator Option) 


tex-20-+750 | | | | | 



















Issy1 
2.0 Ta=—20~+75C 
fosc =4MHz 


Ispy1, lsay2(mMA) 
an 
ho 


o 
is 





Vec(V) 


Ispy vs. Vcc Characteristics 
(Resistor Oscillator Option) 











ae a ee 
eee eee os eo 
CEEECEEEE caw 
a a 4 +++ ++ 
200 : ie ee i 
Cp a0 A 
ai acces 
100 ee aa Ae typ. [7 |} 4} 4} 
ee er a 100 95 aa oe 
Oe ea ee PCAC 
. : ea : : 0 10 20 30 40 50 
—lp (Pull-up MOS Current) vs. Vee — Vdisp(V) 
Vcc Characteristics lq (Pull-down MOS Current) vs. 
(Vcc — Vdisp) Characteristics 
ioe 
a a 
a ee 
Pe nl oat 
ae 
a ae ae 
2 a al : 
i ne E 
ea ee E 
ae : 
oe 24 ( 
a aa 
<i ee 
Vee a (ns Sali 
wa Veco — VoH(V) 
loi min. vs. Vo_ Characteristics -loH min vs. (Vcc — Vou) Characteristics 
(Standard Pin) (Standard Pin ““CMOS”) 
© HITACHI 
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6 
5 
é 

= 4 
£ a 
E E 

3 23 
j e 
=x 

7 2 





Vec— VoxH(V) Veco — Von(V) 


-lon min. vs. (Veco — Von) Characteristics 


-loH min. vs. (Vcc — Von) Characteristics 
(D, at Dis Pins) 


(RO ~ R2 Pins) 


. @ HITACHI 


132 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HMCS404C/HMCS404CL/HMCS404AC 


m HMCS404CL ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc¢=2.7V to 6V, GND = OV, Vdisp = Vec—40V to Vcc, Ta = — 20 to +75°C, if not specified.) 


Value 





Dissipation in 
Standby Mode 


Minimum Logic Operation 
Issy2 | Vcc Vec =3V 
fosc = 2MHz 


Current ae 

itis Salone ok Vin (TEST) = Vec-0.2V to V 
Dissipation in Vec in “cc cc 
Stop Mode 





‘= 
> 
o 


Item Symbol Test Conditions ; min |typ | Unit Note 
typ 
Input ‘’High’”’ Vv 
Ye Tae 
Input ‘‘Low”’ 
oe es es), Os | 
Output “High” 
Output ‘‘Low” 
Input/Output 
Current = 
Dissipation in lec Vcc pe es m 2,6 
Active Mode ose 
Maximum Logic Operation 
IsBY1 Vcc Veco =3V 3,6 
Current fosc = 2 MHz 


3 S 
- 
o 
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(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; @ Reset state in Operation Mode 
Pin state; ® RESET, TEST ... Vcc voltage 
e Do ~D3, R3~R9Y --: Vee voltage 
eD,~D,;, RO~R2, R ao Rai aoe Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
@ TIMER-B; =2 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ® RESET .--GND voltage 
® TEST --- Voc voltage 
®D.~D3, R3~R9 --- Vee voltage 
®©0.~D:;5, RO~R2, Rao. Rai oe Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
®@ Input/Output; Reset state 
® TIMER-A; +2048 prescaler divide ratio 
® TIMER-B; +2048 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ® RESET.... GND voltage 
@ TEST --- Vcc voltage 
©D.~D3, R3~R9 --- Voge voltage 
@D,~D,;, RO~ R2, Rao, Rat wee Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fy..=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 





{When Divide-by-8 (D-8) option is selected.) max. value (fog¢=x* [MHz] ) =3x max. value (fog.=2 [MHz] ) 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vec= 2.7V to 6V, GND = OV, Vdisp = Vec —40V to Vcc, Ta = —20 to +75°C, if not specified.) 








Value 
ieee see Penis ee |_min [tye | 
Input ‘’High”’ Do ~ D3, 
Input “Low” Do ~ D;, 
me [wR | dt = [os 
Output “High” Do ~ D3, x 
= ty poem ewes [- | = |v 
Output “Low” Do ~ D3, 
Input/Output Do ~ Ds, ee 
Do ~ D3, Vcc = 3V 3 A 
Pull-Up MOS R3~ RQ Vin= OV i 
Current 
Do ~ D;, Vcc = 5V 


(Note 1) Applied to I/O pins with “CMOS” output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins ‘‘with Pull-up MOS” selected by mask option. 
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@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vcc = 2.7V to 6V, GND = OV, Vigisp = Vcc —40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Item 
Input “High” 
Voltage 


Input “Low” 
Voltage 


Output ‘’High” 
Voltage 


Output ‘‘Low’’ 
Voltage 


Input/Output 
Leakage 
Current 


Pull Down MOS 


Current 







Test Conditions Note 


Symbol | Pin ame 
Da ~ Dis, R1 
R2, Rao, Rai 

Da~Dis , R1 
R2, Rao, Rat 


















—loH=15mMA, Vcc=5V+10% 


Da ~ Dis 








V —loyH =2.5mA _Vec-1 A) 7 = Dee bee te . 7 
si Ge ao —loH=3 mA, Vec=VE10% | Vec-3.0 [ -— [= eee 
—loyH=0.5 mA Vec—1 0 ea _ 
Da~Dis 
| eve | = [feel | 
Vou Da~Dis 
1 oh 
ea Da~Dis 
ie RO~R2 Vin = Vec—40V to Vcc 20 LA 3 
Rao. Rat 


Da~Dis 
RO~R2 


Rao, Rai 


: 
Q 
QO 
w 
N 
< < | <agi<ci<ci<i < < 
NO 





—t 
N 
oO 
N 
on 
jo) 
~ 
> 
> 


(Note 1) Applied to 1/O pins ‘‘with Pull-down MOS" selected by mask option. 

(Note 2) Applied to 1/O pins ‘‘without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to 1/O pins ‘‘with Pull-down MOS” selected by mask option. 
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@ AC CHARACTERISTICS (Vcc=2.7V to 6V, GND = OV, Vdisp = Vec- 40V to Voc, Ta = — 20 to +75°C, if not specified.) 











Value 
[Synth |_min [typ = 
Oscillator Stabilization Time | tac | — |= | 6 [ms | 1 
External Clock “High” 
External Clock “Low” 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.7V at ‘‘Power-on”, or after RESET input 
level goes “High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input | 
more than trac to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 


Crystal! oscillator Ceramic filter oscillator 





Crystal: 2.097152MHz DS-MGO308 (Seiko Denshi) Ceramic filter: CSA2.000MK (Murata) 
“RE = 2M + 2% Rd = 2.2k2 + 2% Rf = 1MQ + 2%, Ci =C2= 30pF + 20% 


C; = 10pF + 20% 
C, = 10pF + 20% 


(Note 2) (Note 3) 


Vcc—0.3V 





OSC, 6a 


tCPr tCPf 


(Note 4) 
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@ SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vec=2.7V to 6V, GND = OV, Vdisp = Vec— 40V to Vcc, Ta = —20 to +75°C, if not specified.) 


* At Transfer Clock Output 




















Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 





| 


”n 
(2) 
A 


tsckr 


| 


”n 
O 
A 


tsckt 
toso 


tss) 


tus! 


(Note 1) Timing Diagram of Serial Interface 


SCK Vcoc~—0.5V (0.85Vc¢c)* 
0.4V (0.15Vcc)* 


so 


SI 


Oo 
2 
° 
+ 
oO 
— 















*Vcc—0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.85Vcc and 0.15Vcc¢ are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 
Vec 
Ru =2.6ki 
Test 
Point 
Cc R 182074 
30pre— 12k2 TOF Equiv. 
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, Test N 

tem Symbol Conditions sae ote 
Transfer Clock Cycle Time Tiscvec (Note 2) 1 = 1,2 
Transfer Clock ‘‘High”’ 12 
Level Width 
Transfer Clock ““‘Low” 12 
Level Width 
Transfer Clock Rise Time 1,2 
Transfer Clock Fall Time tscKt 1,2 
Serial Output Data ‘ 12 
Delay Time DSO : 
Serial Input Data Set-up Time 1 
Serial Input Data Hold Time 1 

* At Transfer Clock Input 

Item Symbol! Conditions typ rae Unit Note 
Transfer Clock ‘‘High” aa t 
Transfer Clock ‘‘Low” aa 

0.5 
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® CHARACTERISTICS CURVE (REFERENCE DATA) 


Ta=—-20~+75C 
fosc = 2MHz 


Ta= "20 ~ +75°C 



























; =] 
z s{ litte 
E E 7 
Los i | | Lee 
as : 
5 a 
0 1 2 3 4 5 6 
VccV) 
lec vs. Vcc ue aeiaie VeclV) 
(Crystal, Ceramic Filter Oscillator) ) sev : vec Shas i 
rystal, Ceramic Filter illat 
Oe ee Td a 
Pi 
Se CCC 
<{ 
300 
= Se eae ee 
2 
bole elke La ead 
faa ae 
100 Pr a 
nee ae za min 
yt eee 
0) 2 3 4 5 6 
VeclV) 
—Ip (Pull-up MOS Current) vs. 
Vec Characteristics 
'Tta=-20~+75°c | |. Vec—VaispV) 
a : Ig (Pull-down MOS Current) vs. 
SEE 
Pe ee ee a a Zal 
AD ge tne ae 8 
§ ee ee ee OS i . 
io Sel ees ae ae i 
(Ca) 9 ae ee ee € 
(ee Oe) 2 a ee E 
a é 
v, | , 
Z| 
0 1 2 3 
Vou(V) Vec-Vou (V) 


lot min. vs. Vo_ Characteristics 


—lon min. vs. (Vee—Vop) Characteristics 
(Standard Pin) (Standard Pin ‘““CMOS"’) 
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—lon min.(mA) 
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Tre=20-T78e] | 


> 


onan 
= 


7 
iz 


La 
SERS 


Ra 
cy 
el 
sl 
hs 


—IOH min. (mA) 


SSN 
ca 


- 
ye : 
4 i 
f 
= a 
| im 
ES) z 








Vcc—VoH (V) Vec—VoH (V) 


—lonH min. vs. (Vcc—V oH) Characteristics —lovH min. vs. (Vcc—VoH) Characteristics 
(D4 ~ Dis Pins) (RO ~ R2 Pins) 
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= HMCS404AC ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 4.5V to 6V, GND = OV, Viisp = Vec—40V to Vcc, Ta = —20 to +75°C, if not specified.) 









































Pete ae ee ee oe | 
RESET, SCK, Vv 
Input “High” , INTo, INT: _ 
V 
Input “Low’’ ee fay as eo eee tee Ae I er ee 
Voltage Vit 
_ 
Voltage OH ' —loy = 0.01 mA 
Output “Low” =a o. 
Voltage SCK, SO lo. = 1.6 mA V 
RESET, SCK OO —_ 7 
Input/Output —— 
INTo, INT: | Vin =O V to Vee pA 1 
Leakage Current SI, SO, OSC: 
Current S 
Dissipation in Vec cee mA | 2,6 
Active Mode Ose 
Maximum Logic Operation 
Vec Vcc =5V mA 3, 6 
Current fosc = 6 MHz 
Dissipation in Sauna ea aera Saga 
Standby Mode Minimum Logic Operation 
Issy2. | Vcc Veco = 5 V mA | 4,6 
fose = 6MHz 
Current Serie a 
Sa ae Vin (TEST) = Veco —0.3V to Vcc 
Dissipation in Istop Vcc et a vA 5 
Stop Mode ca Saag areca 


Stop Mode 
Retain Voltage Vec 
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(Note 1) 
(Note 2) 


(Note 3) 


(Note 4) 


(Note 5) 
(Note 6) 


HMCS404C/HMCS404CL/HMCS404AC 


Pull-up MOS current and output buffer current are excluded. 
The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; ® Reset state in Operation Mode 
Pin state; @ RESET, TEST ..- Vcc voltage 
e Do ~D3, R3~RQY--- Vege voltage 
eD,~D,;, RO~R2, R ao: Rai oo Vdisp voltage 
The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state 
@® TIMER-A; +2 prescaler divide ratio 
© TIMER-B; +2 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ® RESET ...GND voltage 
® TEST --- Ve voltage 
®D.~D3, R3~R9Q -- Vee voltage 
®D,~D,;, RO~R2, Rag. Ray vee Vdisp voltage 





The timer/counter operate with the slowest clock and input/output current does not flow. 


Test Conditions: MCU state; ®@ Standby Mode 

@ Input/Output; Reset state 

@ TIMER-A; +2048 prescaler divide ratio 

® TIMER-8; +2048 prescaler divide ratio 

® SERIAL Interface ; Stop 

Pin state; ® RESET... GND voltage 

® TEST .-- Vcc voltage 

®D,~D;, R3~R9 --- Voc voltage 

® D, ~Dis ; RO~R2, Rao. Rai oe Vdisp voltage 
Pull-down MOS current is excluded. 


When foo¢=X [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (fog¢=x [MHz] ) <3 x max. value (fog¢= 6 [MHz] ) 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vcc = 4.5V to 6V,GND = OV, Vdisp = Vec—40V to Vcc, Ta = — 20 to +75°C, if not specified.) 


Input ‘High’ Vv Do ~ D3, 
Voltage IH R3 ~ R5, RO 
Input “Low” Vv Do ~ Ds, 
Voltage iL R3~ R5, RQ 
Do ~ D3, 

Output “High” Vv R3~ R8 
Voltage oF Do ~ Ds, 

-| R3~ R8 
Output “Low” Voi Do ~ Ds, 
Voltage R3~ R8 ; 
Input/Output Do ~ D3, Vin = OV to V 
Leakage Current R3~ RO in Ov'Ce 
Pull-Up MOS Do ~ D3, Vcc = 5V 30 
Current R3~ RQ Vin = OV 





(Note 1) Applied to I/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to !/O pins ‘with Pull-up MOS” selected by mask option. 
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@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vcc = 4.5V to 6V, GND = OV, Vdisp = Vec—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


| min , 
Input ‘‘High”’ V Da ~ Dis, R1 0.7V 40.3 
Voitage IH R2, Rao, Rat “eee con™ 
Input “Low” Da~Dis , R1 ; 
—loH=15mA, Vec=5V + 10% 


—loH=9mA 


—loH=3mA, Vec=5V + 10% 


< 


fo) 
Pitt 


.22Vec 


ed 
< 









Output ‘‘High” 
Voltage 


















‘Da~Dis a 
Output “Low” RO~R2 Vaisp = Vec—40V ; 


Voltage Da~Di1s 
gas | steven | - |= | vee 


Input/Output thc Da~Dis 
Leakage te RO~R2 Vin = Vec—40V to Vcc 
Current Rao, Rat 


Da~Di1s 
Pull Down MOS ~ eB isp = 


(Note 1) Applied to 1/O pins “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to 1/O pins ‘without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) Puli-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins ‘‘with Pull-down MOS” selected by mask option. 


> 
p 


NO 
fo) 
WwW 
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© AC CHARACTERISTICS (Vcc =4.5V to 6V, GND = OV, Viisp = Vec—40V to Vec, Ta = — 20 to +75°C, if not specified.) 









































































































































Item Symbol Pin Name Test Conditions Unit | Note 

Oscillation Frequency tace -OSCi, OSC MHz 
__Instruction Cycle Time teye - ae Us 

Oscillator Stabilization Time ee _ Cor OSC2 , ms 1 

External Clock “High” =i toi a Osc: 70 7” = ze 2 

Level Width ee ee eet ee 

ee |e ese mo |- | - |» | 2 
External Clock Rise Time | toy | osc. | | | | os | 

External Clock Fall Time tcp OSC: _ — 20 ns 2 

INTo “High” Level Width | tion | INTo = —_ oe ae S le 3 
_INTS “Low Level Width | tion | INTo i er ees eee: 

INTi “High” Level Width ty | INT ee :: te. 2 = aS | teve 3 
_INTr “Low” Level Width | tie | INT: a teye | 3 

RESET “High” Level Width | trstw | RESET [~~ | - | > Lteye | 

Input Capacitance Cin all pins a — ~ 15 pF 

RESET Fall Time tase cia ee ee ~ aah —~ | 20 ms 4 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Voc reaches 4.5V at ‘‘Power-on"’, or after RESET input 
level goes “High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input 
more than tc to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator 





Crystal: 6.0OMHz NC-18C (Nihon Denpa Kogyo) Ceramic filter : CSA6.00MG (Murata) 
Rf : IM2Q +2% Rf :1M2+2% 
Ci : 20pF + 20% Ci : 30pF +20% 
C2 : 20pF +20% C2 : 30pF + 20% 

(Note 2) (Note 3) 





tCPr tcPf 


(Note 4) 


RESET 
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@ SERIAL INTERFACE TIMING CHARACTERISTICS s 
(Voc =4.5V to 6V, GND = OV, Vdisp = Vcc —40V to Vcc, Ta = —20 to +75 C, if not specified.) 


* At Transfer Clock Output 


Item Symbol 
Transfer Clock Cycle Time tseyc 
Transfer Clock “High” t 
Level Width SeKR 
Transfer Clock “Low” t 
Level Width SCRE 


Transfer Clock Rise Time 
Transfer Clock Fal! Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


tsckr 
tscxt 


toso 
tss) 


tus! 


* At Transfer Clock Input 


Item Symbol 
Transfer Clock Cycle Time tgcye 
Transfer Clock ‘“‘High” t 
Level Width sme 
Transfer Clock “Low” t 
Level Width =e 


Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


tsckr 
tscxt 


tpso 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


tssi 


tus! 


(Note 1) Timing Diagram of Serial Interface 






SCK Vee —2.0V(0.7 Vcc 1% 


0.8V(0.22Vcc) * 


Test 
Conditions 


(Note 2) 


(Note 2) 


Test 
Conditions 





(Note 2) 


vas 


Cc +1 € 
3 
= 


nit 


< 


cyc 


tseyc 


tscyc 


Heed pe 


Value 


+ 
< 
® 


NOHEMEG: 


teye 


tsgcyc 


tscye 


a 
x 


—_, 
(=) 
Oo 


250 


*Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock output. 


(Note 2) 


Timing Load Circuit 
Vcc 

Rt =2.6kQ2 
Test 
Point 

Cc R 1$2074@ 

30pF 12kQ or Equiv. 
144 
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Ta=—-20~-4+75TC Isey1 
fosc =6 MHz A max. 
/ Isey2 

J. max. 






2.4 
@® CHARACTERISTICS CURVE (REFERENCE DATA) 





2 3 
Vec(V) 


lec vs. Vcc Characteristics 0 


1 3 4 5 
(Crystal, Ceramic Filter Oscillator ) Vec(V) 


Ispy vs. Voc Characteristics 
(Crystal, Ceramic Filter Oscillator ) 


la( nA) 





Vec(V) 
—Ip (Pull-up MOS Current) vs. 
Vcc Characteristics 





Tes Vdisn(V) 
Ig (Pull-down MOS Current) vs. 
(Vcc — Vaisp) Characteristics 


loc min.(mA) 
—lon min.(mA) 





Vec— Von(V) 


-lon min vs. (Vcc — Vox) Characteristics 
(Standard Pin ‘‘CMOS’’) 





Vo.(V) 
lot Min. vs. Vo, Characteristics 
(Standard Pin) 
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Tran nad $756] 


—lon min. (mA) 





Vee — Von(V) 


-low min. vs. (Veco — Von) Characteristics 
(D, ead Dis Pins) 


= DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 


e GND, Vec, Vdisp 

These are Power Supply Pins. Connect GND pin to Earth 
(OV) and apply Vcc power supply voltage to Vcc pin. Vuisp 
is an power supply for high voltage Input/Output pins with 
maximum voltage of Vcc-40V. Vaisp pin can be also used as 
Ra 1 pin by mask option. For details, see “INPUT/OUTPUT”’. 


e TEST 

TEST pin is not for user’s application. TEST must be con- 
nected to Vcc. 
@ RESET 

RESET pin is used to reset MCU. For details, see “RESET”. ° 


e OSC,, OSC, 

These are Input pins to the internal oscillator circuit. They 
can be connected to crystal resonator, ceramic filter reso- 
nator, R¢ oscillator (applicable only to the HMCS404C), or 
external oscillator circuit. Select the circuit of MCU by mask 
option corresponding to the oscillator type. For details, see 
“INTERNAL OSCILLATOR CIRCUIT.” 


@ D-port (Dp to D;;) 

D-port is a 1-bit Input/Output common port. Do to D3 are 
standard type, D4 to Dy, are for high voltage. Each pin has the 
mask option to select its circuit type. For details, See “INPUT/ 
OUTPUT”. 


@ R-port (RO to RA) 

R-port is a 4-bit Input/Output port. (only RA is 2-bit con- 
struction.) RO and R6 to R8 are output ports, R9 to RA are 
input ports, and R1 to R5 are Input/Output common ports. 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports. Each pin has the mask option to select its cir- 


—low min.(mA) 





ane 


-lon min. vs. (Veco — Vou) Characteristics 
(RO ~ R2 Pins) 


cuit type. Raz, R33, Rao, Rai and Raz are also available as 
INTo, INTi, SCK, SI and SO respectively. For details, see 
“INPUT/OUTPUT”. 


@ INT), INT, 

These are the input pins to interrupt MCU operation exter- 
nally. INT, can be used as an external event input pin for 
TIMER-B. INT) and INT, are also available as R3,, and R33 
respectively. For details, See “INTERRUPT”. 








@ SCK, SI, SO A 

These are Transfer clock I/O pin (SCK), serial data input pin 
(SI) and serial data output pin (SO) used for serial interface. 
SCK, SI, and SO are also available as Rao, Ra; and Ry» respec: 
tively. For details, see “SERIAL INTERFACE”. 


= ROM MEMORY MAP 

MCU includes 4096 words x 10 bits ROM. ROM memory 
map is illustrated in Fig. 1 and described in the following 
paragraph. 


@ Vector Address Area ..... $0000 to $000F 

When MCU is reset or an interrupt is serviced, the program is 
executed from the vector address. Program the JMPL instruc- 
tions branching to the starting addresses of reset routine or 
of interrupt routines. 7 


@ Zero-Page Subroutine Area ..... $0000 to $003F 


CAL instruction allows to branch to the subroutines in 
$0000 to $003F. 


@ Pattern Area..... $0000 to $OF FF 
P instruction allows referring to the ROM data in $0000 to 
SOFFF as a pattern. 


@ Program Area...... $0000 to SOF FF 
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Vector Address 


Zero-Page Subroutine 


(64Words) 
63 
64 
Program 
Pattern 
(4096Words) 
4095 
4096 


Not Used 


16383 


= RAM MEMORY MAP 
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JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) — | 
JMPL Instruction 
(Jump to TIMER-A Routine) 


JMPL Instruction 
(Jump to TIMER-B Routine) 


0 
1 
2 
3 
4 
5 
6 
7 
8 


$3FFF 


Fig. 1 ROM Memory Map 


and special registers are also mapped on the RAM memory 


MCU includes 256 digits x 4 bits RAM as the data area and space. RAM memory map is illustrated in Fig. 2 and described 
stack area. In addition to these areas, interrupt control bits in the following paragraph. 


RAM-mapped Registers 


Memory Registers(MR) 


(192Digits) 


Not Used 


Stack 
(64Digits) 


R  :Read Only 
W_ :Write Only 
R/W:Read/Write 





Interrupt Control Bits 


ey erred \ Port Mode Reg. (PMR) W /$ 004 


Serial Mode Reg. (SMR) | W {$005 


Serial Data Reg. Lower (SRL) iR/W $ 006 
Serial Data Reg. Upper (SRU) 'R/WI$ 007 
Timer Mode Reg. A (TMA) | W ]$ 008 


Timer Mode Reg. B (TMB) | W [$009 


$ ODF TIMER-B’ (TCBL/TLRL) !R/WIg¢ OOA 
$ OEO (TCBU/TLRU)tR/WI|$ 00B 


$ 3BF 
$ 3C0 


$ 3FF 


* Two registers are mapped on same address. 


Timer;Event Counter B Lower ! Timer Load Reg. Lower =! 
Baad enue id aa eee 'w|$O0A 
Timer/Event Counter B Upper , Timer Load Reg. Upper ! 

(TCBU) R (TLRU) ;w | $00B 


Fig. 2 RAM Memory Map 






10 
11 
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bit 3 bit 2 










IMO 
(IM of INT) 

IMTA 
(IM of TIMER-A) 


IFO 
(IF of INTo) 
IFTA 

(IF of TIMER-A) 


















Not Used 















3 Not Used Not Used 
IF : Interrupt Request Fiag 
IM: Interrupt Mask 
1/E : Interrupt Enable Flag 


SP: Stack Pointer 







bit bit O 


(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when ‘‘Not Used” bit is tested. 


Fig. 3 Configuration of Interrupt Control Bit Area 


@ Interrupt Control Bit Area ..... $000 to $003 

This area is used for interrupt controls, and is illustrated in 
Fig.3, It is accessable only by RAM bit manipulation instruction. 
However, the interrupt request flag cannot be set by software. 


@ Special Register Area ..... $004 to $00B 

Special Register is a mode or a data register for the external 
interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 


Memory Registers Stack Area 




























32 $020 7° vere 
33 PMR) | $ 021 
oe 
is are 
36 $ 024 
37 $ 025 
38 |_MR6)_| $ 026 
39 $ 027 
40 |_MRi8)_| $ 028 
a1 $ 029 
42 $ 02a 
43 $ 028 
aa $ 02¢ 
45 $ 02D [Level 31 
46 $ 02E 
47 |_MR(15) | $ O2F 1993] Level 1|¢ 3rr 


PCi3 toPCo ; Program Counter 
ST; Status 
CA; Carry 


@ Data Area..... $020 to $0DF 
16 digits of $020 to $02F are called memory register (MR) 
and accessable by LAMR and XMRA instructions. 


@ Stack Area .... $3C0 to $3FF 

Stack Area is used for LIFO stacks with the contents of the 
program counter (PC), status (ST) and carry (CA) when process- 
ing subroutine call and interrupt. As 1 level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction. The 
area, not used for stacking, is available as a data area. 


bit3 bit2 bit1 bitO 


ee es 


PC 0 PC, 





Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 
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® REGISTER AND FLAG 

The MCU has nine registers and two flags for the CPU opera- 
tions. They are illustrated in Fig. 5 and described in the follow- 
ing paragraphs. 


© Accumulator (A), B Register (B) 

Accumulator and B Register are 4-bit registers used to hold 
the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, I/O and other registers. 


@ W Register (W), K Register (X), Y Register (Y) 

W Register is 2-bit, and X and Y Register are 4-bit registers 
used for indirect addressing of RAM. Y register is also used 
for D-port addressing. 


@ SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 
Y Register respectively. 


© Carry (CA) 

Carry (CA) stores the overflow of ALU generated by the 
arithmetic operation. It is also affected by SEC, REC, ROTL and 
ROTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It’s not 
affected by RTN instruction.) 


® Status (ST) 

Status (ST) holds the ALU overflow, ALU non-zero and the 
results of bit test instruction for the arithmetic or compare in- 
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex- 
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 


3 ) 
3 oO 


mas B Register 
W Register 

oO 
X Register 


3 ce) 
Y Registe 
3 oO 
SPX 
SPX Register 
3 0 


SPY Register 


Status 
i] 
| Program 
se Counter 


EJ 5 


Stack 
Pointer 


Fig. 5 Register and Flags 


i 


stack and restored back from the stack by RTNI instruction. 
(It’s not affected by RTN instruction.) 


@ Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address- 
ing. 


® Stack Pointer (SP) 

Stack Pointer is used to point the address of the next stack- 
ing area up to 16 levels. 

The Stack Pointer is initialized to locate $3FF on the RAM 
address, and is decremented by 4 as data pushed into the stack, 
and incremented by 4 as data restored back from the stack. 


= INTERRUPT 

The MCU can be interrupted by five different sources: the 
external signals (INTo, INT,), timer/counter (TIMER-A, 
TIMER-B), and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re- 
quest. The Interrupt Enable Flag is also used to control the 


total interrupt operations. 


® Interrupt Control Bit and Interrupt Service 

The interrupt control bit is mapped on $000 to $003 of the 
RAM address and accessable by RAM bit manipulation instruc- 
tion. (The Interrupt Request Flag (IF) cannot be set by soft- 
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request 
Flag (IF) are set to “0”, and the Interrupt Mask (IM) is set to 
“1” at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table 1 shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re- 
quest Flag is set to “1“ and the Interrupt Mask is ‘‘0”’. If the 
Interrupt Enable Flag is “‘1“*, then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter- 
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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$ 000.0 


$ 000.2 


$ 000,3 


$001.0 


$001,1 


$001,2 


$ 001,3 


IMTA 


$ 002,0 


$002.1 


{MTB 


$ 003.0 


$ 003,1 


Sequence Control 
- Push PC/CA/ST 


- Reset 1/E 
* Jump to Vector 
Address 





Vector 
Address 


Priority Control 
PLA 





Fig.6 Interrupt Circuit Block Diagram 


Table 1. Vector Addresses and Interrupt Priority 

Reset . Interrupt | Priority Vector addresses 
RESET - $0000 
INTo Pa Gi $0002 
INT: $0004 
TIMER-A $0006 
TIMER-B $0008 
SERIAL $000C 


Table 2. Conditions of Interrupt Service 











Interrupt 
Interrupt source TIMER-A TIMER-B SERIAL 
control bits 
7 ia ae 
pee ee ee 
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* Don't care 


© HITACHI 


2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HMCS404C /HMCS404CL/HMCS404AC 


Instruction 1 2 3 
Cycles 


Instruction: 
execution 


Stacking, 
Vector address 
is generated 


Interrupt 
accepted 


Stacking, 
Reset of I/E 


Fig. 7 


® Interrupt Enable Flag (1/E: $000,0) 

The Interrupt Enable Flag controls enable/disable of all inter- 
rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by the interrupt servicing and set by RTNI instruction. 


Table 3. Interrupt Enable Flag 






a ~ at = RY OE 


Interrupt Enable Flag 








Interrupt Enable/Disable 
Disable 










© External Interrupt (INT>, INT; ) a a 

To use external interrupt, select R32/INTo, R33/INT, port 
for INTo, INT; mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edge of INT,, INT, inputs. 

INT, input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT, as TIMER-B external event, an External Interrupt 
Mask (IM1) has to be set so that the interrupt request by INT: 
will not be accepted. 














© External Interrupt Request Flag (IFO: $000,2, 1F1: $001,0) 
The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edges of INT), INT, inputs respectively. 








@ External Interrupt Mask (IMO: $000,3, M1: $001,1) 
The External Interrupt Mask is used to mask the external 
interrupt requests. 


Table 4. External Interrupt Request Flag 





Interrupt Servicing Sequence 





JMPL instruction execution on the 
vector address 





Instruction 
Execution at 
starting address 


of the interrupt 
routine 





Table 5. External Interrupt Mask 


External Interrupt Masks Interrupt Requests 


Enable 
Disable (masks) 





@ Port Mode Register (PMR: $004) 

The Port Mode Register is a 4-bit write-only register which 
controls the R32/INToy pin, R33/INT, pin, R4,/SI pin and 
R4,/SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 
to a port mode. 





Table 6. Port Mode Register 





R33/INT, pin 









Used as R33 port input/output pin 
Used as INT, input pin 






R3o/INTo pin 









Used as R32 port input/output pin 
Used as INT input pin 






Ray /S\ pin 









Used as Ra, port input/output pin 
Used as SI input pin 





PMR 
Ra2/SO pi 
External Interrupt Request Flags Interrupt Requests bit 0 re a 
0 Used as Ra. port input/output pin 
1 Used as SO output pin 
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Power 
ON 






Yes 
Interrupt Yes 
Request 
Yes 
(A) (C) 
Reset Interrupt 
MCU Accept 










1/E—"0" 


Stack«(PC) 
Stack<(CA) 
Stack<(ST) 


PC<—(PC)+1 







PC~—$ 0002 
PC<-$ 0004 
pelle: . 
TIMER-A 
PC<—$ 0006 Interrupt 
? 
PC-$ 0008 
PC<$ O00C 
(SERIAL Interrupt) 


Fig. 8 Interrupt Servicing Flowchart 
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@ SERIAL INTERFACE 

The serial interface is used to transmit/receive 8-bit data 
serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus- 
trated in Fig. 9. Pin R4o/SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out by the software. 
The data in the Serial Data Register can be shifted synchronous- 


SYSTEM . 
CLOCK ra PRESCALER(1 1bit) 
N 











SMR(4bit) 
SERIAL MODE 
REG. 












ly with the transfer clock signal. 

The serial interface operation is initiated with STS instruc- 
tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signals, or discontinued transmit/receive operation by resetting 
the Octal Counter, the SERIAL Interrupt Request Flag will be 
set. 





OC(3bit) 
OCTAL 
COUNTER 












INTERRUPT 
REQUEST FLAG 
of SERIAL INTER- 
FACE 














SR (8 bit) 


SERIAL DATA REGISTER 
"wees ail 


Fig.9 Serial Interface Block Diagram 


© Serial Mode Register (SMR: $005) 

The Serial Mode Register is a 4-bit write-only register. This 
register controls the R4o/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The Write Signal to the Serial Mode Register controls the 
operating state of serial interface. 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul- 
taneously. 

When the Serial Interface is in the “Transfer State”, the Write 
Signal to the Serial Mode Register causes to quit the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 
$0 by MCU reset. 


@ Serial Data Register (SRL: $006, SRU: $007) 

The Serial Data Register is an 8-bit read/write register. It 
consists of a low-order digit (SRL:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
LSB side at SO pin synchronously with the falling edge of the 
transfer clock signal. At the same time, external data will be 
input from the LSB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
10 shows the I/O timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 
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Table 7. Serial Mode Register 





Used as R40 port input/output pin 
Used as SCK input/output pin 





Transfer Clock 


Prescaler System Clock 
Rao/SCK Port Clock Source Divide Divide 
Ratio Ratio 
SCK i ae 
SCK + os 


Bit 2 Bit 1 





utput 
SCK 
= tput Prescaler 


+ 64 


o 


Nn 
Zl 
R 





1 Prescaler 16 
oe 
Sex a 
1 Output Prescaler 4 





Output 





n 
oO 
A 


—_ 
«|> 


External 
Clock 
Transfer Clock | | | | | | | | | | | | | | | | 
| 2 3 4 5 6 7 


8 


> 
no) 
Cc 
-~ 


Serial Output Data 





Fig. 10 Serial Interface |/O Timing Chart 


@ SERIAL Interrupt Request Flag (IFS: $003, 0) Table 9. SERIAL Interrupt Mask 
The SERIAL Interrupt Request Flag will be set after the 
eight transfer clock signals or transmit/receive discontinued SERIAL Interrupt Mask Interrupt Request 


operation by resetting the Octal Counter. Enable 
Disable (mask) — 





© SERIAL Interrupt Mask (IMS: $003, 1) 


The SERIAL Interrupt Mask masks the interrupt request. ® Selection of the Operation Mode 
Table 10 shows the operation mode of the serial interface. 
Table 8. SERIAL Interrupt Request Flag Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table 10. 
SERIAL Interrupt Request Flag Interrupt Request Initialize the serial interface by the Write Signal to the 


Serial Mode Register, when the Operation Mode is changed. 
@ Operating State of Serial interface 
The serial interface has 3 operating states as shown in Fig.'11. 
The serial interface gets into “STS waiting state” by 2 ways: 
one way is to change the operation mode by changing the data 
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in the Port Mode Register, the other is to write data into the 
Serial Mode Register. In this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc- 
tion is executed, the serial interface changes its state to “SCK 
waiting state”. . 

In the “SCK waiting state’, the falling edge of first transfer 
clock affects the serial interface to get into “transfer state”, 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in “SCK wait- 
ing state” while the transfer clock outputs continuously. 

The Octal Counter becomes “O00” again by 8 transfer 
clocks or execution of STS instruction, so that the serial inter- 
face gets back into the “SCK waiting state”, and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 


@ Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 
clock was disturbed by external noises. In this case, the transfer 


* Change PMR" means the change of 
operation mode as below: 
























* Transmit Mode 
* Receive Mode 
* Transmit/Receive 





Clock Continuous 
Output Mode 


SCK Waiting State 


(Octal Counter = ‘‘000’’) 





Transmit/Receive 
(1FS<'1"") 


Interrupt 
Disable 


Write to 
SMR 


Transfer Clock 
Error Processing 







No 


Normal End 


Fig. 12 Example of Transfer Clock Error Detection 


Transfer Clock 


8 Transfer Clocks, 
STS Instruction 


(IFS <‘'1") 


clock error can be detected in the procedure shown in Fig. 12. 

If more than 9 transfer clocks are applied by the external 
noises in the “SCK waiting state”, the state of the serial inter- 
face shifts as the following sequence: first “transfer state” 
(while 1 to 7 transfer clocks), second “SCK waiting state” (at 
8th transfer clock) and third ‘transfer state” again. Then reset 
the SERIAL Interrupt Request Flag, and make “STS waiting 
state” by writing to the Serial Mode Register. SERIAL Inter- 
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 


Table 10. Serial Interface Operation Mode 








Serial Interface Operating Mode 





Clock Continuous Output Mode 
Transmit Mode 








Receive Mode 











Transmit/Receive Mode 


/ STS Waitina State \ 


Octal Counter = ‘‘000” 
Transfer Clock Disable 


Change PMR“ 


Transfer State 
(Octal Counter # ‘‘000’’) 





Fig. 11 Serial Interface Operation State 


= TIMER 

The MCU contains a prescaler and two timer/counters 
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The 
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit 
free-running timer. TIMER-B is an 8-bit auto-reload timer/ 
event counter. 


@ Prescaler 

The input to the prescaler is a system clock signal. The 
prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic “0”. The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler de- 
vide ratio of the clock signals are selected according to the 
content of the mode registers such as — Timer Mode Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 
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TIMER MODE REGISTER B 


TMB(4bit) 


(>) TIMER-B MPX 
N 


| t 
N 
‘ g 
+f. 
SYSTEM 
CLOCK PRESCALER(1 ibit) 
[oe] 
~~ era t 
: eles 
repeals 


TIMER-A MPX CPTA 


TMA(3bit) 


i 


TIMER MODE REGISTER A 


INTERNAL BUS LINE (S1) 


TL(4bit) 
TIMER LATCH 
REG. 


TCB(8bit) 
TIMER/EVENT COUNTER B 


psy 


ae INTERRUPT 
TLR(8bit) Oana FLAG 
TIMER LOAD REGISTER TIMER-B 
| ‘ 
INTERNAL BUS LINE (S2) 
TCA(8bit) TAOF 
TIMER COUNTER A eu 
INTERRUPT 
REQUEST FLAG 
OF TIMER-A 


Fig. 13. Timer/Counter Block Diagram 


@ TIMER-A Operation 

After TIMER-A is initialized to $00 by MCU reset, it counts 
up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to 
“1”. Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 

The clock input signals to TIMER-A are selected by the 
Timer Mode Register A (TMA: $008). 


@ TIMER-B Operation 
Timer Mode Register B (TMB: $009) is used to select the 
auto-reload function and the prescaler divide ratio of TIMER-B 


as the input clock source. When the external event input is. 


used as an input clock signal to TIMER-B, select the R33/INT 
as INT, and set the External Interrupt Mask (IM1) to “1” to 
prevent the external interrupt request from occurring. 

TIMERSB is initialized according to the value written into the 
Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 





TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- 


@ Timer Mode Register A (TMA: $008) 

The Timer Mode Register A is a 3-bit write-only register. 
The TMA controls the prescaler divide ratio of TIMER-A clock 
input, as shown in Table 11. 

The Timer Mode Register A is initialized to $0 by MCU reset. 


@ Timer Mode Register B (TMB: $009) 

The Timer Mode Register B is a 4-bit write-only register. The 
Timer Mode Register B controls the selection for the auto- 
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12. 

The Timer Mode Register B is initialized to $0 by MCU reset. 

The operation mode of TIMER-B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore, it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 


Table 11. Timer Mode Register A 


TMA 
Oe 










Bit 2 Prescaler Divide Ratio 





alized again and generate overflow output. In this case if the 0 
auto-reload function is selected. TIMER-B is initialized accord- 0 7 
ing to the value of the Timer Load Register. Else if the auto- 5 eo 512 Seeeeeen! 
reload function is not selected, TIMER-B goes to $00. TIMER- Lec = _128 
B Interrupt Request Flag (IFTB: $002,0) will be set at this 1 OO). | + 32 
overflow output. 1 Se ir a + 8 

an ae ee ae ee ae, 

Jae A PE ee +2 
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Table 12. Timer Mode Register B 


Auto-reload Function 





TMB Prescaler Divide Ratio, 


Bit 2 Clock Input Source 


a 72048 


0 + 512 

i 
aft 

1 a 

eS ee ee : 

1 fabs eh sain S| INT, (External Event Input) 


e@ TIMER-B Cra satiny TCBU: sasha 
TLRL: $00A, TLRU: $00B 

TIMER-B consists of an 8-bit write-only Timer Load Regis- 
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: SOUAY ana 4 rigii- 
order digit (TCBU: “$00B, TLRU: $OOB). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 


PMR:$ 004 






TMA:$ 008 


A 

TMA2ITMATITMAO 

DX 
ee 


TMB3/TMB2/TMB1/TMBO 
—_—_— Yee 


the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 


@ TIMER-A Interrupt Request Flag (IFTA: $001, 2) 
The TIMER-A Interrupt Request Flag is set by the overflow 
output of TIMER-A. 


@ TIMER-A Interrupt Mask (IMTA: $001, 3) 
TIMER-A Interrupt Mask prevents an interrupt request 
generated by TIMER-A Interrupt Request Flag. 


Table 13. TIMER-A Interrupt Request Flag 










TIMER-A Interrupt 


Request Flag Interrupt Request 






TIMER-A Interrupt 
Mask 






Interrupt Request 


Enable 
Disable (Mask) 


© TIMER-B Interrupt Request Flag (IF TB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 
output of TIMER-B. 


@® TIMER-B Interrupt Mask (IMTB: $002, 1) 


TIMER-B Interrupt Mask prevents an interrupt request 
generated by TIMER-B Interrupt Request Flag. 


SMR:$ 005 


SMR3/SMR2|SMR1/SMRO 
Uw 


— Transfer clock selection 


Rzo/SCK pin mode selection 


R42/SO pin mode selection 
R4;/S! pin mode selection 
R32/INT>) pin mode selection 


R33/INT, pin mode selection 


TMB:$ 009 





— TIMER-B input clock selection 
Auto-reload function selection 


TIMER-A input clock selection 


Fig. 14 Mode Register Configuration and Function 
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Table 15. TIMER-B Interrupt Request Flag 








TIMER-B Interrupt 


Request Flag Interrupt Request 










TIMER-B Interrupt 
Mask 







Interrupt Request 


Enable 
Disable (Mask) 





® INPUT/OUTPUT 

The MCU provides 58 Input/Output pins, and they are con- 
sist of 32 standard pins and 26 high voltage pins. Each standard 
pin may have one of three mask options: (A) “Without pull- 
up MOS (NMOS open drain)”, (B) “With pull-up MOS”, or 
(C) “CMOS”. And also each high voltage pin may have one 
of two mask options: (D) “Without pull-down MOS (PMOS 


open drain)”, or (E) “With pull-down MOS”. As pull-down 
MOS is connected to internal Vgisp line, select Rai/Vaisp pin 
as Vdisp with mask option when at least one high voltage pin is 
selected as “With pull-down MOS” option. 

When any Input/Output common pin is used as input pin, it 
is necessary to select the mask option and output data as shown 
in Table 18. 


© Output Circuit Operation of Standard Pins with “With pull- 
-up MOS” Option 

Fig. 15 shows the circuit used in the standard pins with 
“with pull-up MOS” option. 

By execution of the output instruction, the write pulse will 
be generated, and be applied to the addressed port. This pulse 
will turn “ON” the PMOS (B) to make the transient time 
shorten to obtain ‘High level’’, if the output data is changed 
from “0” to “1’’, In this case, the “write pulse” allows the 
PMOS (B) to turn “ON” as long as 1/8 instruction cycle. While 
“write pulse” is “0”, pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes “‘0” in stop mode, so that MOS (A) 
(B) (C) turn “OFF”. 


© HITACHI 
158 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HMCS404C /HMCS404CL/HMCS404AC 









Write pulse 
(Output 


instruction) 





PMOS(B) 







Pull up MOS (C) M, 
M; 
HLT 
NMOS(A) 
M, 
Data 


ON Resistance Value 


MOS 
Buffer HMCS404C, HMCS404AC HMCS404CL 


M, approx. 250Q approx. 1kQ 


approx. 1k&Z approx. 5kQ 





iVi> 















approx. 75kQ to 1IMQ (Vcc = 3V), 


approx. 40kQ 
approx. 40kQ to 160kQ (Vec = 5V) 


to 160kQ. (Vcc = 5V) 





1 Instruction cycle 


Output instruction execution 
Write pulse ee ee 


Fig. 15 Output Circuit Operation of Standard Pins with ‘‘with Pull-up MOS” Option 
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Table 17 |/O Pin Circuit Type 


Without pull-up MOS : 
(NMOS open drain) With seg MOS CMOS (C) 


Standard pins 


High voltage pins 














HLT input 
data 















1/0 
common 
pins 






LT 




















HLT 
output 


data 





‘HLT input 
data it 
write 
Vee [Vec pul 
HLT 
output 
‘data 














Vec | Vec write 

Output pulse 
pins eee HLT 

HLT 

output output 

data data 
Input 
pins 


Without pull-down MOS : 
(PMOS open drain) (D) With pull-down MOS (E) 


HLT HLT 


1/0 keC E output output 


data data 


common 
pins 


LT 


ihe HLT 
KE ACT PIE conn 
outpu 
Output data oe 
ins 
P Vec 


(Note) In the stop mode, HLT“signal is ‘‘0’’ and !/O pins are in high impedance state. (to 


160 
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Applied 
pins 


Do ~D3, 
R30 ~R33, 
Rao ~Ra3, 
Rso ~Rs3 


Reo~Res, 
Rro~R73, 
Rgo~Rs3 


Roo~Ro3 


Applied pins 





Roo™~Ros3 





be continued) 
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Without pull-up MOS (NMOS open drain) 
or CMOS (A or C) With pull-up MOS (B) 


SCK 








Applied pins 











HLT 
HLT+mode select 










1/0 
common 
pins 


Vec 
Output 
pins 


HLT+noode select SCK (Note 2) 


(Output Mode) 














internal SCK internal SCK 









Standard pins 








INTo, 





SCK (Note 2) 
(Input Mode) 





(Note 1) In the stop mode, HLT signal is ‘'0’’, HLT signal is ‘‘1’’ and t/O pins are in high impedance state. 





(Note 2) If the MCU is interrupted by serial interface in the external clock input mode, the SCK terminal becomes input only. 


Table 18 Data Input from input/Output Common Pins 


oC Possibility Available pin condition 
1/0 pin circuit type for input 












Standard Without pull-up 

pins MOS Yes vale 
(NMOS open drain) 
With pull-up MOS ove 
Without pull-down 

High MOS Yes “0” 

voltage (PMOS open drain) 

pins With pull-down yearn 

: 
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@ D-port 

D-port is 1-bit I/O port, and it has 16 Input/Output common 
pins. It can be set/reset by the SED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table 17 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 


@ R-port 

R-port is 4-bit I/O port. It provides 20 input/output com- 
mon pins, 16 output-only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data 
output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 


output-only and/or non-existing ports. 

The R32, R33, Rao, Rai and Raz pins are also used as the INTo, 
INT1, SCK, SI and SO pins respectively. Table 17 shows the 
classification of standard pins, high voltage pins and Input/ 


Output pins circuit types. 


@ RESET 

The MCU is reset by setting RESET pin to “1”. At power 
ON or recovering from stop mode, apply RESET input more 
than trc to obtain the necessary time for oscillator stabiliza- 
tion. In other cases, the MCU reset requires at least two instruc- 
tions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 
status after reset. 


Table 19 Initial Value by MCU Reset 


It Initial value by 
ems MCU reset 


$0000 


Program counter (PC) 
Status (ST) 


Stack pointer (SP) $3FF 


(A) Without pull- 
up MOS 
Standard pin} (B) With pull-up 
MOS 


: 
High voltage down MOS 
down MOS 


interrupt Request Flag (IF) 
Interrupt Mask (IM) 


Port Mode Register (PMR) 
Serial Mode Register (SMR) 


Timer Mode Register A (TMA) 


1/0 pin 
output register 





Interrupt flag 


Mode register 





Timer Mode Register B (TMB) “0000"’ 
Prescaler $000 


$00 


ie Timer/Counter A (TCA) 

Timer/Counter, : 

Serial inieckace Timer/Event Counter B (TCB) $00 
$00 


Timer Load Register (TLR) 


(Note) MCU reset affects to the rest of registers as follows: 


After recovering from STOP mode 





by MCU reset 





_Carry (CA) 
Accumulator (A) ; 

—_—— apace The contents of the items before 
B Register (B)| MCU reset are not retained. 

_W Register (W)| It is necessary to intialize them 


by software again. 


X/SPX Registers (X/SPX) 
Y/SPY Registers (Y/SPY) 
Serial Data Register (SR); Same as above 





The contents of RAM before MCU 
RAM reset (just before STOP instruction) 
are retained. 


“0000” 
“0000” 





Contents 


Execute program from the top of ROM address. 
Enable to branch with conditional branch instructions. 
Stack level is 0. 


Enable to input. 


Enable to input 


Enable to input. 


Enable to input. 


Inhibit all interrupts. 

No interrupt request. 

Mask interrupt request. 

See Item ‘‘Port Mode Register’. 
See Item ‘‘Serial Mode Register”’. 
See item ‘Timer Mode Register A’. 
See Item ‘’Timer Mode Register B’’. 


| 


After MCU reset except for 
the left condition 


The contents of the items before 
MCU reset are not retained. 


It is necessary to initialize them 
by software again. 


Same as above 


Same as above 
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® INTERNAL OSCILLATOR CIRCUIT filter oscillator, or resistor oscillator as shown in Table 20, In 
Fig. 16 gives internal oscillator circuit. The oscillator type any cases’, external clock operation is available. 
can be selected from the followings; crystal oscillator, ceramic 
























Osc, 
Oscillator Divider Timing System 
(Selectable circuit generator clock 
1/8 circuit 


with mask 
options) 


Fig. 16 Internal Oscillator Circuit 


Internal Oscillator Circuit Mask Option 


HMCS404C |HMCS404CL| HMCS404AC 


[ewanie] 2 | 0 
[recor] 0 | - 
Def e [. 










Oscillator 






Divider 
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@ Oscillator Circuit 


Table 20 Examples of Oscillator Circuit 







Circuit constants 


HMCS404C HMCS404CL HMCS404AC 


Circuit configuration 


External clock 
operation 


Resistor R¢ = 20k21+2% 
oscillator 
osc, 
Rf 
osc, 


Ceramic filter Ceramic filter 
CSA4.00MG CSA6.00MG 
(Murata) (Murata) 


Oscillator 















Ceramic filter 


Ceramic 
filter 



























oscillator Re : IMQ+2% R¢ : IMQE2% R¢ : IMQ+2% 
C, : 30pF+20% C,; : 30pF+20% C, : 30pF+20% 
: 30pF+20% : 30p F+20% C, : 30pF+20% 
> IMQ+t2% R¢ : IMQ’+2% 
C; : 10~22pF+20% C, : 10~22pF+20% 
C, : 10~22pF+20% C, : 10~22pF+420% 
Crystal: equivalent Crystal: equivalent 
Crystal circuit to the left circuit to the left 
oscillator Co : 7pF max. Co : 7pF max. 
Rs : 6022 max. Rs : 10082 max. 


f :2.0~4.5MHz f :2.0~6.2MHz 





R¢ : 2M&Q1+2% 
C, : 10~22pF+20% 
C, : 10~22pF+20% 
Crystal: equivalent 
circuit to the left 
Co : 7pF max. 

Rs : 10082 max. 

f :2.0~2.25MHz 










GT cut paralle! resonance crystal 


L Cc, Rs 
otto bie 
Co 


(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter 
maker. The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board. 
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter. 





(Note 2) Wiring among OSC ;, OSC and elements should be as short as possible, and never cross the other wirings. Refer to the recommend- 
able layout of erystal and ceramic filter. 
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= LOW POWER DISSIPATION MODE 

The MCU provides two low power dissipation modes, that is, 
a Standby mode and a Stop mode. Table 2] shows the function 
of the low power dissipation mode, and Fig. 18 shows the 
diagram of the mode transition. 





Fig. 17 Recommendable Layout of Crystal and Ceramic Filter 


Table 21 Low Power Dissipation Mode Function 




































Condition 
Low Power basteueton Recovering 
Dissipation Mode Oscillator | Instruction Register, Interrupt Counter, method 
circuit execution Flag function Serial 
Interface 
Standby mode RESET Input, 






Interrupt request 


SBY . . f . 3 
STOP *4) : High*2) 
ou impedenc 


*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19. 

*2) A high voitage pin with a pull-down MOS option is pulled down to the Vdisp Power supply by the pull-down MOS. As the MOS is ON, a pull- 
down MOS current flows when a voltage difference between the pin and the Vqjsp voltage exists. This is the additional current to the current dis- 

sipation in Stop Mode (Ig¢qp). 

*3) Asa i/O circuit is active, a I/O Current possidiy Tiows according the state of 1/0 pin. This is the additional current to the curreni dissipation in 

Standby Mode (Isgy1, IsBy2).- 






Stop mode RESET Input 









counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is “1”, the interrupt is executed. If the Interrupt Enable Flag 
is ‘‘O”, the interrupt request is held on and the normal instruc- 
tion execution continues. 

Fig. 19 shows the flowchart of the Standby Mode. 


@ Stop Mode 

The STOP instruction brings the MCU into the Stop mode. 
In this mode the oscillator circuit and every function of the 
MCU stop. 
Fig. 18 MCU Operation Mode Transition The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 20, apply the RESET input for more than trc 
to get enough oscillator stabilization time. (Refer to the “AC 





®@ Standby Mode CHARACTERISTICS”.) After the Stop mode is canceled, 
The SBY instruction puts the MCU into the Standby mode. RAM retains the state it had just before going into the Stop 
In the Standby mode, the oscillator circuit is active and timer/ mode, The other hand, Accumulator, B Register, W Register, 


X/SPX Registers, Y/SPY Registers, Carry and Serial Data 
Register don’t retain the contents. 
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SBY 


Oscillator Active 

Peripheral Clocks 
Active 

All Other Clocks 

Stop 





Restart Restart 
Processor Clocks Processor Clocks 
mei 
Yes (C) 


(A) (B) 
Reset MCU Execute Interrupt 
Instruction Accept 


Fig. 19 MCU Operating Flowchart 


| Stop mode | 


oscar TTT =, A 
Internal clock 2 


RESET 
| tras | 


STOP instruction execution (more than stabilization time: tac) 


Fig. 20 Timing-Chart of Recovering from Stop Mode 
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® RAM ADDRESSING MODE 

As shown in Fig. 21, the MCU provides three RAM address- 
ing modes; Register Indirect Addressing, Direct Addressing and 
Memory Register Addressing. 


@ Register Indirect Addressina 


The combined 10-bit contents of W Register, X Register and 
Y Register is used as the RAM address in this mode. 


RAM Address 


W-Register 


eee eee ~ 


@ Direct Addressing 

The direct addressing instruction consists of two words and 
tthe second word (10 bits) following Op-code (the first word) is 
used as the RAM address. 


@ Memory Register Addressing 

The Memory Register Addressing can access 16 digits 
(Memory Register: MR) from $020 to $02F by using the LAMR 
and XMRA instruction. 


X-Register Y -Register 












(a) Register Indirect Addressing 


Instruction 1st Word 





RAM Address 


Instruction 2nd Word 








(b) Direct Addressing 


RAM Address 





Instruction 


oN 








(c) Memory Register Addressing 


Fig. 21 


RAM Addressing Mode 
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# ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 
in Fig. 22. | 


@ Direct Addressing Mode 

The program can branch to any addresses in the ROM 
memory space by ‘using JMPL, BRL or CALL instruction. 
These instruction replace 14-bit program counter (PC,3 to 
PCy) with 14-bit immediate data. 


@ Current Page Addressing Mode 

ROM memory space. is divided into 256 words in each page 
starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace 
the low-order eight bits of program counter (PC, to PCy) with 


Instruction 1st Word 
(JMPL) 


(BRL) 
(CALL) 


. f] 
Program Counter }PCis PCi2.PC1; PCi0,PCy PCa PC, PCs PCs PCy, PC; PC2 PC; PCo 


8-bit immediate data. The branch destination by BR instruction 
on the boundary between pages is given in Fig. 24. 


@ Zero Page Addressing Mode ; 

The program branches to the zero page subroutine area, 
which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PC, to PCy) and “0’s” are placed in high-order eight 
bits (PC 43 to PC, ). 


@ Table Data Addressing 

_ The program branches to the address determined by the 
contents of the 4-bit immediate data, accumulator and B regis- 
ter, using TBR instruction. 


Instruction 2nd Word 












(a) Direct Addressing 






Program Counter }PC,2: PCy. PCy; PCyo!PCy PCs PC, PCs PCs PCy PCa, PC2|PC; PCy 


Instruction 


OPCode| b, be bs by bs be 1 bo 





(b) Current Page Addressing 





Program Counter}PCi3|PCi2 PCy; PC io PCy PCy PC, PC,g PCs PC, PC3 PC2 PC: PCo 


Instruction 





(c) Zero Page Addressing 


Instruction 


(TBR) OP Code 
0” “Q 





Accumulator 


1 Ao 


B, Bo Bi Bo | As Az A 


Program Counter PCi3/PC y2 PCa, PCi0:PCy !PCs PC, PC, {PCs PC 4 PC; :PC, PC, PCo 


(d) Table Data Addressing 


Fig. 22 ROM Addressing Mode 
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Instruction 


(P) 





Referred ROM Address 


Output Register R1,R2 R13 





rr NS 





B Register Accumulator 


R12 Ris 


{h) Pattern Outout 


Fig. 23 


@ P Instruction 

The P instruction refers ROM data addressed by Table Data 
Addressing. ROM data addressed also determine its destination. 
When bit 8 in referred ROM data is “1°, 8 bits of referred 


256(n --1) +255 
256n 


256n + 254 
256n +255 
256(n + 1) 





Fig. 24 The Branch Destination by BR Instruction on 
the Boundary between Pages 


P Instruction 


ROM data are written into the accumulator and B Register. 

When bit 9 is “1”, 8 bits of referred ROM data are written into 

the Rl and R2 port output register. When both bit 8 and 9 are 

“1”, ROM data are written into the accumulator and B Register 

and also to the R1 and R2 port output register at a same time. 
The P instruction has no effect on the program counter. 


@ Description of the branch destination on page boundary 
When BR is on page boundary (256n + 255), BR instruction 
transfers the contents of PC to the next page with hardware 
architecture. Therefore, the program branches to the next page 
when using BR on page boundary. 
The HMCS400 series cross macro assembler has automatic 
paging facility for ROM page. 


# INSTRUCTION SET 
The HMCS404C/CL/AC provide 99 instructions. These in- 

structions are classified into 10 groups as follows; 

(1) Immediate Instruction 

(2) Register-to-Register Instruction 

(3) RAM Address Instruction 

(4) RAM Register Instruction 

(5) Arithmetic Instruction 

(6) Compare Instruction 

(7) RAM Bit Manipulation Instruction 

(8) ROM Address Instruction 

(9) Input/Output Instruction 
(10) Control Instruction 
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Table 22. Immediate Instruction 


WORD 

OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS La. 

CYCLE 
Load A from Immediate LAI i 100011 is iz ir io 
Load B from Immediate LBI i 10000 Ois iz is io ae ee 
Load Memory from Immediate LMID i,d 011017 0i3t I i—+M 2 

: dehy de tie ds doce did aE: 

1 


Load Memory from Immediate, Increment Y | LMIIY i 101001 ig i2i1 io |i >-M,Y+ 1-Y NZ V1 


Table 23. Register-to-Register Instruction 


WORD- 
OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS ee 
L 


Load A from B LAB 0001001000 BoA 1 


Load A from MR 
Exchange MR and A 






























































WORD 
OPERATION STATUS 

ae ae eee eee YCLE 
Load W from immediate 171 
Load X from Immediate 1/1 
Load Y from Immediate 1/1 
Load X from A | LXA [0011101000 we 
Load Y from A LYA 0011011000 14 
Increment Y 0001011100 Le] 
Decrement Y 0011011111 1/1 
Add A to Y 0001010100 /1 
Subtract A from Y 0011010100 1/1 
Exchange X and SPX 0000000001 1/1 
Exchange Y and SPY XSPY 0000000010 1/1 
Exchange X and SPX,Y and SPY xsPxy |0000000011 P| 1/1 

Table 25. RAM Register Instruction 

WORD 
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS ya 

Sen tee eter CYCLE 
Load A from Memory LAM(XY) |00100100yx MA, (SEX) | Lt 

0110010000 
Load B from Memory LBM(XY) |00010000yx M—B, (Yrgpy) | | 11 
Load Memory from A LMA(XY) |00100101yx AM, (*--88*) 1/1 


0110010100 
dg dg d7 de ds da d3 d2 di do 
000101000x 


001101000x 
oo0100000yx 


0110000000 
dg dg d7 de ds da d3 d2 d: do 


00110000yx 





1 AAATY al 
Livirves u 


XMA(XY) 
XMAD d 


A aa 
Ai 4/24 


A--M.Y + 1->Y(xX--SPX) 


X-+SPX 
MA, (¥icgpy 




























Load Memory from A, Increment Y 







Load Memory from A, Decrement Y 







Exchange Memory and A 












Exchange Memory and A 












> ? 


M-+B, (YoSpy) 


Exchange Memory and B 
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Note) (XY) and (x) have the meaning as follows: 


(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.) 


FUNCTION 








(2) The instructions with (x) have 2 mnemonics and 2 object codes for each. (example of LMAIY (X) is given below.) 





Table 26. Arithmetic Instruction 















































































































































































































ee i ae aie teeth = TwoRod- 
OPERATION MNEMONIC } OPERATION CODE FUNCTION | status ee 
i: _ nese Mee Sd ie eee kes a CYCLE 
Add Immediate to A Al | 10100 Ois3 iz is io A+i-A i OVF 171 
Increment B | 1B [0001001100| B+1-—B Nz | 1-1 
Decrement B | 0B 0011001111 B-1-—>B NB 14 
Decimal Adjust for Addition tee [o 01 0 100110. ry ca 
é me = ee oa Js 
Decimal Adjust for Subtraction DAS ise 0101 0 1 oO 10 1.1 
Negate A Cees rodot100000| 3 "7 
Complement B : | come 0101000000 
Rotate Right A with Carry © als ROTR 0 0101000 0 8) | 
Rotate Left A with Carry ROTL 0010 10 0 001 
Set Carry SEC 0011101111 
Reset Carry REC 0011101100 
Test Carry TC 000110111 1 
Add A to Memory AM 0000001000 
Add Ato Memory AMD d |G. dedr dete dado dh du do 
Add A to Memory with Carry AMC 0000011000 
Aas | AMECD ~ 0100011000 | MtAtCAa>a 
pee Bao Memoiy with Catey _AMCD di | dadedrdsdsdadsdodido | _OVF>CA 
Subtract A from Memory with Carry | SMC 0010011000 
Subtract A from Memory with Carry SMCD dq O41 09 1 dipdide dee ds da A “ ¢. 
OR A and B OR 0101000100 
AND Memory with A oan 0010011100 
T 
0110011100 
AND Memory with A | ANMD a da dy dy de ds da da dy dh do 
OR Memory with A ORM 000001160 
eet eae 
010000 
OR Memory with A ORMD 4 | ded asds de ordsaedee 
EOR Memory with A EORM 0000011100 
: ea © pdl0100011100 
ECR Memery wy one : | do de d7 de ds da d3 do di do 
© HITACHI 
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| WORD 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS a 
YCLE 
Immediate Not Equal to Memory Se 00001 Ois iz it io ixM NZ 1/1 


Immediate Not Equal to Memory Glee d adel ie i 2 NZ 2/2 










































































A Not Equal to Memory ANEM 0000000100 Nz. aa 
; 01000 100 / 
A Not Equal to Memory ANEMD d aad aes do 2/2 
B Not Equal to Memory BNEM 0001000100 NZ | 11 
Y Not Equal to Immediate YNEI i 0001 1.1 i3 i2 i; io ¥o4 NZ 171 
Immediate Less or Equal to Memory ILEM i 0000 1 1 is i2 it jo is<M NB 11 
: Me : 01001 1 i3izit i a 
Immediate Less or Equal to Memory ILEMD id deeds de de da dy cy ds do NB 2/2 
A Less or Equal to Memory ALEM 0000010100 NB 141 
——— 010001010 ee 
A Less or Equal to Memory ALEMD d de de dz de ds da ds do dy do NB 2° 20 
B Less or Equal to Memory BLEM 0011000100 NB V4 
A Less or Equal to Immediate ALE! i 10101 1 131251 Io NB 1.7 
She eet Siereced Cee ate ote 





Table 28. RAM Bit Manipulation Instruction 





OPERATION MNEMONIC | OPERATION CODE 





Set Memory Bit SEM n 00100001 nino 
























j ; 0710000in 

Set Memory Bit SEMD n.d | 'G, ded de ds da da dy dt do , 

Reset Memory Bit 00100010nino| O-Min) ee 1/1 
01100010nimn sf y 

Reset Memory Bit REMD nd | 9110001 QO nino) oMin) a 2/2 

Test Memory Bit 00100011 nino 1/1 
: 011000171 nin 

Test Memory Bit TMD n,d do de d7 de ds da ds de hy do aaa M(n) 2/i2 


Table 29, ROM Address Instruction 


WORD 

OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS ee 

ats CYCLE 
i 
1 








Branch on Status 1 BR b | 1.1 b7bebsbabsbabibo el 
0101 1 1 P3P2Pipo 
Long Branch on Status 1 de de dreds de do ds cs —— 2/2 
sie 1 3P2P 1P0 

Long Jump Unconditionally JMPL ou Go en le de Os at ds do a ae 

Subroutine Jump on Status 1 01 1 1 asa4a3a2a1ao —— 1/2 
: 3P2 / —_ 

Long Subroutine Jump on Status 1 CALL u 9 Ade Ararat 2/2 

Table Branch TBR p |00101 1 psp2pipo 1/1 

Return from Subroutine 0000010000 1/3 
1317E /Q 

Return from Interrupt RTNI 0000010001 1/3 


Table 30. Input/Output Instruction 














OPERATION 







Set Discrete |/O Latch 
Set Discrete |/O Latch Direct 
Reset Discrete !/O Latch 


om | 
1011 1 0 mgmemimo 1—D(m) ae 
0001100100 0—D(Y) 


100 1 1 0 msmeamimo 
















Reset Discrete I/O Latch Direct 
Test Discrete I/O Latch TD 0011100000 


Test Discrete I/O Latch Direct | TDD m |1 0 1 0 1 0 mamamimo P| tm) | tl 








Load R-Port Register from B 101 10 0 msmamimo B—R(m) 
Pattern Generation Pop | 01101 1 pspepi Pol sd 
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Table 31. Control Instruction 











No Operation 









OPERATION CODE FUNCTION 
0000000000 le eal 














Start Serial 0101001000 
Stand-by Mode 010100 T1100. yoo 
Stop Mode 















1 
















































































































































































TBOE ERO EEECuOREUOnGUEL 
: ANEMD ORMD 
: Kiem o EORME — 
3 , INEMD _ (4) - = all 
_ bs 7 SSAA erate amr ed CML OPEL TE PE SOREN ES | 
: ILEMD i(4) 
4] LBM(XxY) — BNEM coms] = on] [sts] anes 
5 |LMAIY(X)! AYY JMPL p(4) | 
6 [nec] | RED ter CALL p(4) , 
7 YNEI i(4) p(4) 
81 XMA(XY) SEM n(2) REM n(2) ™ n(2) _PXMAD SEMD n(2) [ REMO ni2) TMD n(2) 
9] LAM(XY)_ LMAIXY) SMC ANM Mc] rao] 
A | RoTARUNL| ~ yaa) ~ [eas at LMID i(4) J 
B TBR p(4) [ Pp p(4) 
: 4 
CAL a(6) 
Se Se eee eed 
0 
oxen: eve eres ete et 
1 LY! i(4) 
2 LX! i(4) 4 
ral... SL AL i(4) Sa 
4 ve BA m(4) <= | 
5/”~” LAR m(4) 
6 “REDD.t—“‘sm«d(YSCO*~‘CO(‘(O(‘CS(!;C*™*# 
ote = ieee a = beat! nt 4 
7 LAMR m(4) 
Saal tees cad wee Me ; ae ae er eae eT! BR b(8) 
1/18 Al (4) 
S| LMItY (4) nee | 
Al TDD m4)” - 
Bl ~ALEL i(4) : - 
L. = = 
Cl LRB m(4) 
D LRA m(4) 
 Reetaes teenie oe anne Rewraie een tore aren | 
al SEDD m(4) | 
a oc XMRA—smi4)——“(‘( ‘i‘i‘i;é~:™” 








. 1-word/3-cycle [s. 


} RAM Direct Address 
Instruction 


Instruction 
(2-word/2-cycle) 


Lo “| 1-word/2-cycle i 
"A Instruction = 
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HMCS404C/CL/AC | Dateof Order =| 

ca 

peat. le se 

i a eae 

PROM Code Name [J 
ist Type Nome 

=f 





* Please enter check marks in 0 (@, X,/). 























(1) 1/0’ Option Note (I/O options masked by @ are not available.) 

T P 
frm | inpurioureur formes [ow Sd Les a EN BT LS A BH 
[oo lp Lnowomr | | | Jy [an|l L_ wow | | | GF 
s%|_Inpus/Ouput | | | YY, | R32 | {Input/Output | | | Yyyy 
[bs 1% | inpuvOuwst_ |_| | YYyy [inpuv/Ouat |_| | Y7 
Ds | 3 [pum Jy | | Rso| | Inpuv/Ounst | | | Yyy 
inpuv/Ouwut YY ss] & [| Ourput__| WU) 
oe ie ouput OGY 
2 inpuiounnt Yyyyy, |_| [rs] [Ome | | | YY 
Riz] 3 [_InputOuwn Yyyyyyy, |... |_fo] [mut | | GFE 
Roo] & [Inpuvouwer V7777777,—~ | | = [Ron | «=| nt «dS Cid“ CFI 





[Rai | 
inputlOurpur W777 || [as at eh — is ner 
| Rar jrce 
> 


* Please enter ‘‘O” in applicable item for I/O option selection. 
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS 





C; CMOS (not be used as Input) 








D; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 
(2) Rat/Vaisp (3) Package 
Rat/Vdisp Package 
D Ray: Without Pull-down MOS (D) OC DP-64S (shrink package) 





oO Vdisp O FP-64 
* Please enter check marks (@, X, 4) in applicable item. * Please enter check marks (™, X,\/) in applicable item. 
Note) Ra1/Vgisp has to be selected as Vqjsp pin except for the case that all High Pins are option D. 


(4) Divider (DIV) (S) ROM Code Media 


Clock Divide Ratio ROM Code Media 
8 Divided-by-8 OC EPROM: Emulator Type 


CQ EPROM: EPROM On-Package Microcomputer Tyne 
Check List of Application 


(A) Oscillator (CPG option) 


| Yt 4046 (SV Operation I AOACLISV Operation) 
ID Resistor (Ry= 20k02%) «| 

cP [Ceramic Filter | Geramie Filter [© Ceramic Filter 

Option OD Crystal 

Gl External Clock 


* Please enter check marks (™, X, /) in applicable item. 





0 404AC (High Speed Operation) 








i 
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HMCS408AC 
(HD614080/HD614085/HD614088) 






Description 


The HMCS408C/CL/AC are CMOS 4-bit 
single-chip microcomputers in the HMCS400 
series. Each device incorporates ROM, RAM, 
1/O, Serial Interface and 2 timer/counter and 
contain high-voltage I/O pins including high- 
current output pins to drive fluorescent dis- 
play tude directly. 





Features 

@ 4-bit architecture 

@ 8192 words of 10-bit ROM 

@ 512 digits of 4-bit RAM 

@ 581/0O pins, including 26 high-voltage I/O 
pins (40 V max) 

@ 2 Timer/counter 


—11-bit prescaler 

—8-bit free running timer/counter 

—8-bit auto-reload timer/event counter 

@ Clock synchronous 8-bit serial interface 
@ Five interrupt sources 

—External: 2 

—Timer/counter: 2 

—Serial interface: 1 

@® Subroutine stack 
—Up to 16 levels including interrupts 
@ Minimum instruction execution time 

—0.89 ns: HMCS408AC 

—1.78 us: HMCS408C 

—3.55 us: HMCS408CL 

@ Low power dissipation modes 

—Standby: Stops instruction execution 
while allowing clock oscillation and 
interrupt functions to operate. 

—Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data. 

@ On-chip oscillator 

—Crystal or ceramic filter 

(externally drivable) 
@ Package 

64-pin shrink dual in-line plastic package 

64-pin flat plastic package 


@ Instruction set compatible with HMCS 


404; 101 instructions 
word ROM: 79 single-word instructions 
@ Direct branch to all RAM areas 
@ Direct or indirect addressing of all RAM 
areas 
@ Subroutine nesting up to 16 levels includ- 
ing interrupts 


@ Binary and BCD arithmetic operations 

@ Powerful logical arithmetic operations 

@ Pattern generation-table lookup capabil- 
ity 

e Bit manipulation for both RAM and I/O 


Program Development Support Tools 


@ Cross assembler and simulator software for 
use with IBM PCs and compatibles 
@® Incircuit emulator for use with IBM PC 
HD614P080S/HD614P0160S with the fol- 
lowing fixed options: 
—I/O pin: open drain 
—QOscillator: crystal or ceramic filter oscil- 
lator 
(externally drivable) 
Diviaer. Diviaged py 6 
—Package: 
64-pin shrink dual in-line plastic pack- 
age 
64-pin flat plastic package 
@® Programming socket adapter for program- 
ming the EPROM-on-chip device 


Type of Products 


item HMCS408C HMCS408CL HMCS408AC 
Power Supply 3.5 to 6 2.5to 6 4.5 to 6 

(V) 

Typical 2 4 1 

instruction 


Cycle Time (xs) 


€ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


175 





HMCS408C /HMCS408CL/HMCS408AC 





Pin Arrangement 


Dy, Ld1 (@) 6al | Dio 
Diz [2 63[_]Dg 
Dis LJ3 62{ 1D, 
Dis Ls 61f ID, 
Dis L}5 601 1D. 
RO, LJ}6 5s 1Ds 
RO, LJ? 58f 1D, 
RO, L.]8 s7[ }D3 
RO; L_}9 56f }D2 
R1po Lo 551 JD, 
R1, 0) sal ]Do 
R12 {_ji2 531 IGND 
R13, (3 s2[ ]OSC. 
\R2o (4 51f{ ]OSC, 









R2, ([]15 sof_] TEST. 
R22 (_Jji6 49f_J RESET 
R23 [_fi7 481_] R95 
RAo (18 47T_]R9, 
RA1/Voisp bend! 9 46[ RQ, 
R39 LJ2o 45{_]R9, 
R3, E Jai aat R83 
R32/INTo (22 43) R8, 
R33/INT; (_]23 4al_]R8, 
R5So [_j24 aiL_]R8> 
R5, L_]2s5 40o{_]R73 
R52 C_}26 391 JR72 
R53 LJ27 38f JR7, 
R6o ([_Jzs 371 ]R7o 19 
R6: [pe a6f] R45 RANRRSRLRBRBS 
R62 [_}20 35{_]R42/SO 
i: eate: SCOUUIUOIOIL 
a Ma Py ao Oo = 
Vee {_]32 33{_J R4o/SCK eeeeee sla < ees 
SNS + 9 
tS: 
oc 
(DP-64S, DC-64S) (FP-64) 






RO3 

R1o 

R1, 

R12 

R13 

R20 

R2, 

R2, 

R23 

RAo 
RA1/Vdisp 
R30 

RS; 
R33/INT, 
R5o 





Oman DO Hh wWH =a 











(FP-64A) 
(Top View) 
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Block Diagram 






R4o/R4,/R42/ R33/ R32/ mos! 
SEK SI | INT, INTo RESET TEST OSC, OSC Vec GND 


Fa 
SERIAL | TIMER | TIMER EXTERNAL 
INTER- 
aa aa INTERRUPT 
=H 















INTERRUPT | ntenurr contro. | 
R9o 
8192 x 10bit 
R83 


RAM 512 4bit 
R8, 
R8o 


R82 





R73 


i apt 







lens Rae ace Esaki 2 ae Fe Ec ga 
tet 
at 





i] 
R43R42/ R4,/ R40/ R33/R32/R31 naote shes, R25 R1aR 121 R 101 {RO3RO2RO.R 1ROo) » DisDra Diz Di2D);Djo Dg Og Dy Dg Ds De! Ds D2 D,; Do 
sO si SCK WKN | SRP See ees mee sia ni: ell Ai ke ek tr a at nt a 
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Pin Description 
GND, Vcc, Vaisp (Power) 


These are the power supply pins for the MCU. 
Connect the GND to the ground (0 V) and 
apply the Vcc power supply voltage to the 
Vcc pin. The Vaisp pin (multiplexed with RA;) 
is a power supply for high-voltage I/O pins 
with maximum voltage of 40 V (Vcc-—40 V). 
For details, see Input/Output section. 


TEST (Test) 


TEST is for test purposes only. Connect it to 
Vec. 


RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC:, OSC2 (Oscillator Connections) 


OSC: and OSCz2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 


Do-Dis (D Port) 


The D port is an input/output port addressed 
by the bit. These 16 pins are all input/output 
pins. Do to D3 are standard and D, to Dis are 
high-voltage pins. The circuit type for each 


Functional Description 
ROM Memory Map 


The MCU includes 8,192 words x 10 bits of 
ROM. ROM is described in the following par- 
agraphs and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


zZero-Page Subroutine Area ($0000 to 
$O03F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SOFFF): Locations 


pin can be selected using a mask option. For 
details, see Input/Output section. 


ROo-RO3z, R10-Ris, R20-R23, R30-R33, R40-R4s, 
R50-R53, R60-R63, R70-R73, R80-R83, R9o- 
R93, RAo, RA: (R Ports) 


RO to RQ are 4-bit I/O ports. RA is a 2-bit port. 
RO, R6, R7 and R8 are an output port, RY and 
RA are an input port, and Ri to R5 I/O ports. 
RO, R1, R2, and RA are high-voltage ports, and 
R3 to RY are standard ports. Each pin has a 
mask option which selects its circuit type. 
The pins R32, R33, R40, R41 and R42 are multi- 
plexed with INTo, INT:;, SCK, SI and SO 
respectively. For details, see Input/ Output 
section. 


INTo, INT: (Interrupts) 


INTo and INT; are external interrupts for the 
MCU. INT; can be used as an external event 
input pin for timer B. INTo and INT; are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 





SCK, SI, SO 


The transfer clock I/O pin (SCK), serial data 
input pin (SI) and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R40, R41 and R42 
respectively. For details, see Serial interface. 


$0000 through $OFFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 


Program Area ($0000 to S1F FF): Locations 


from LNNNN ton G1 BEE ean hea 11¢cad far nrnaram 
eae Oy NY ee te we ewe pre we ee een 


www ed 


code. 
RAM Memory Map 


The MCU includes 512 digits of 4-bits RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 


Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
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only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 


be set by software. The RSP bit is used only to 


reset the stack pointer. 


Special Function Registers Area ($004 to 
SOOB): The special function registers are the 


Vector Address 


Zero-Page Subroutine 
(64Words) 


Pattern 
(4096 Words) 


Program 
(8192 Words) 


Not Used 





mode or data registers for the external inter- 
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 
instructions. 


JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTg Routine) 
JMPL Instruction 
(Jump to INT, Routine) 


JMPL Instruction 

(Jump to TIMER A Routine) |$ 0007 
JMPL Instruction 

(Jump to TIMER B Routine) [$0009 


JMPL Instruction 
(Jump to SERIAL Routine) 


Figure 1. ROM Memory Map 


RAM-mapped Registers 


(448 Digits) 


Not Used 


Stack 
(64 Digits) 


Interrupt Control Bits 


4} Port Mode Reg. (PMR)s W 
5] Serial Mode Reg. (SMR), W 


6| Serial Data Reg. Lower (SRL) »*R/W 
7] Serial Data Reg. Upper (SRU)'R/W 


8} Timer Mode Reg. A (TMA); W | $008 


9] Timer Mode Reg. B (TMB); W 


'R/WI 
TIMER B* she Salas) /WI|$ OOA 
(TCBU/TLRU):R/WI $ OOB 


“Two registers are mapped on same address. 


R_—_: Read Only 10) Timer Event Counter 


B Lower (TCBL) 


Timer/Event Counter Timer Load Reg. Upper ! 
B Upper (TCBU) ie (TLRUT Wy] 008 


W _ : Write Only 
R/W: Read/Write 





Timer Load Reg. Lower 
VR TLRL WN POOR 
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Data Area ($020 to S1DF): 16 digits of $020 
through $02F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 


Stack Area (S3C0 to S3FF): Locations $3C0 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su- 


IMO IFO 
(IM of INTo) (IF of INTo) 


IMTA IFTA 
(IM of TIMER A) (IF of TIMER A) 


Interrupt Request Flag 
Interrupt Mask 
Interrupt Enable Flag 
Stack Pointer 


(Reset SP Bit) 


(IM of TIMER B) 


(IM of SERIAL) 


broutine call (CAL-instruction, CALL- 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 


RSP I/E 
(Interrupt Enable Flag) 


IM1 IF 1 
(IM of INT;) (IF of INT;) 


IMTB IFTB 
(IF of TIMER B) 


IMS IFS 
(IF of SERIAL) 


Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 


affected by the SEM/SEMD instruction. 





The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction. 





Memory Registers Stack Area 


Level 16 {$3CO 


Level 15 
Level 14 


Level 13 
Level 12 
Level 11 
Level 10 


Level 2 
Level 1 


Figure 3. ‘Configuration of Interrupt Control Bit Area 








PC13 to PCo: Program Counter 
ST: Status 
CA: Carry 


Note: As the HMCS408C/CL/AC have 8k 


ROKA BDC... te nat riead 
euwsive, Ew yg tw cee UU 


bit 3 bit 2 bit 1 


Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 


The MCU has nine registers and two flags for 
the CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis- 
ters. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis- 
ter is a write-only register. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 


m rmanaratanl her an withwn 
flowy from ALU yVssaws evn wy ase aritnmestic 


operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 


instruction, but not by a RTN instruction. 


Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, Status is pushed onto the stack and res- 
tored back from the stack by a RTNI instruc- 
tion, but not by a RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trols the sequence in which the instructions 
stored in ROM are executed. 


Stack Pointer (SP): The stack pointer (SP) is 
used to point t the Boos of the next stacking 


“ee | es _ — 


The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in- 
cremented by 4 when data is restored from it. 


Accumulator 


W_ Register 


ae 

3 O 

B Register 
1 
Cw] 


O 
[x |x Register 
3 8 
[YY Rect 


3 0 
3 0 


CA] Carry Flag 


(sT] Status Flag 


eon Pointer 
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The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 


The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 


Interrupt 


Five interrupt sources are available on the 
MCU: external requests (INTo, INT:), timer/ 
counter (timer A, timer B), and serial interface 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM) and interrupt 
vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control an 
interrupt operations. 


—b 
e 


A 
eo} 
No 


01, 
IFTA 


Oo! 26 
S| si 
Oo wo 


— 
—~4 
ow 


> 
> 


ale 
=O 
coyh? 


a 


$003,0 





Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 


The interrupt enable flag (IE) and IF are 


cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 


The interrupt request is generated when the 
IF is set to 1 and IM is O. If the IE is 1 at this 
time, the interrupt will be activated and 


Sequence Control 
* Push PC/CA/ST 
* Reset I/E 
- Jump to Vector 

Address 


Vector Address 


Priority Control PLA 


Figure 6. Interrupt Control Circuit Block Diagram 
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vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flaq enables/disables 
interrupt requests as shown in table 3. It is 


reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INT:): The 
external interrupt request inputs (INTo, INT:) 
can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INTi pin and R32/INTo pin to be 
used as INT, pin and INTo pin respectively. 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT; 
inputs. (Refer to table 4.) 


The INT; input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT: input. When 
using INT; as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT; will not be 
accepted. (Refer to table 5.) 


External Interrupt Request Flags (IFO: 
$000 bit 2, [Fi: 5001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 





Table 1. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET _ $0000 
INTo 1 $0002 
INT, 2 $0004 
Timer A “33 $0006 
Timer B 4 $0008 
SERIAL 5 $000C 


Table 2. Conditions of Interrupt Service 


Interrupt Control Bit INTo INT, Timer A Timer B Serial 
/E 1 1 1 ic 1 
IFO - IMO 1 0 ) 0 0 
IF1 + IM1 x 1 0 ©) 0 
IFTA - IMTA * 2 1 O 0 
IFTB - IMTB * * * 1 6) 
IFS - IMS * 2 2 2 1 
* Don’t care 
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falling edge of the INTo, and INT, inputs 
respectively. 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/INTo pin, R33/INT; pin, 
R4,/SI pin, and R42/SO pin as shown in table 
6. The port mode register will be initialized to 
$0 by MCU reset. These pins are therefore 
initially used as ports. . 





Table 3. Interrupt Enable Flag 


Interrupt Enable Flag Interrupt Enable/Disable 


6) Disable 
1 Enable 
Table 4. External Interrupt Request 
Flag 
External Interrupt Request Flags Interrupt Requests 
0 No 
1 Yes 


Table 5. External Interrupt Mask 


External interrupt Masks Interrupt Requests 


O Enable 





1 Disable (masks) 


Instruction 
Cycles 


Instruction 
execution 


Table 6. Port Mode Register 


PMR3 R33/INT, Pin 

0 Used as R33 port input/output pin 
1 Used as INT input pin 

PMR2 R32/INTo Pin 

0 Used as R32 port input/output pin 
1 Used as INTo input pin 

PMR1 R4,/S1 Pin 

0 Used as R4;, port input/output pin 
1 Used as Sl input pin 

PMRO R42/SO Pin 

6) Used as R42 port input/output pin 
1 Used as SO output pin 


Stacking, 
Reset of 1/E 


Interrupt 
accepted 


Figure 7. 





Stacking, 
Vector address 
is generated 


JMBPL instruction execution on the 
vector address 


Instruction 
execution at 
starting address 
of the interrupt 
routine 


Interrupt Servicing Sequence 
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Power 
ON 


Yes 


Yes 





Yes 
(A) (B) (C) 


Reset Execute Interrupt 
MCU Instruction Accept 
PC—(PC)+1 eae 
Stack<(PC) 


Stack«—(CA) 
Stack<(ST) 





PC-§ 0002 
PC--$ 0004 
PC-§ 0006 


PC--$ 0008 


PC+--$ O000C 




















Timer A 
erupt 









Timer B 
mSrUpt 






(Serial Interrupt) 


Figure 8. Interrupt Servicing Flowchart 
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Serial Interface 


The serial interface is used to transmit/ 
receive 8- bit data serially. This consists of the 
serial data register, the serial mode register, 
the octal counter and the multiplexer as 
illustrated in figure 9. Pin R4o/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
serial data register can be written into or 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 

STS instruction is used to initiate serial inter- 
face operations and to reset the octal counter 
to $0. The counter starts to count at the fall- 
ing edge of the transfer clock (SCK) signal 
and increments by one at the rising edge of 
the SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter- 
rupt request flag will be set. 


Serial Mode Register (SMR: $005): The 4- 
bit write-only serial mode register controls 
the R4./SCK, prescaler divide ratio, and 
transfer clock source as shown in table 7. 

The write signal to the serial mode register 
controls the operating state of the serial 


Prescaler (1 1bit) 


SMR (4 bit) 
Serial Mode 
REG. 


| PMR (4 bit) 
Port Mode 
A REG. 


4 


Internal Bus Line (S2) C4 


R4,/SCK 
Port 
mx 


SCK 1 





interface. 

The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane- 
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 

Contents of the serial mode register will be 
changed on the second instruction cycle after 
writing into the serial mode register. There- 
fore, it will be necessary to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 


Serial Data Register (SDR: $006, SRU: 
$007): The 8-bit read/write serial data regis- 
ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 

The data in the serial data register will be 
output from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data will be input from the SI pin to 
the serial data register, to MSB first, 
synchronously with the rising edge of the 


OC (3 bit) 
Octal 
Counter 


Interrupt 
Request Flag 


of Serial Inter- 
face 


Internal Bus Line (S1) 


SR (8 bit) 


Serial Data Register : 


re Oe. Sn Coen 
Witernat Oud ite 


R4,/SI : 
Port 
©) 


Figure 9. Serial Interface Block Diagram 
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transfer clock. Figure 10 shows the I/O timing 
chart for the transfer clock signal and the 
data. 

The read/write operations of the serial data 
register should be performed after the com- 
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 


Serial Interrupt Request Flag (IFS: $003 
bit 0): The serial Interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8. 


Serial Interrupt Mask (IMS: $003 bit 1): 
The serial Interrupt mask masks the interrupt 
request. Refer to table 9. 


Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 
Initialize the serial interface by the write 
signal to the serial mode register, when the 
operation mode is changed. 





Table 7. Serial Mode Register 





SMR3 R4)9/SCK 
0 Used as R40 port input/output pin 
1 Used as SCK input/output pin 
Transfer Clock 
Prescaler System Clock 
SMR2 SMR1 SMRO R40/SCK Port Clock Source Divide Ratio Divide Ratio 
0 O 0 SCK Prescaler + 2048 + 4096 
Output 
0 0 1 SCK Prescaler + 512 oa 1024 
Output 
@) 1 0 SCK Prescaler + 128 2 256 
Output 
SCK ; : 
0 1 1 Output Prescaler + 32 + 64 
SCK : : 
1 O 0 Output Prescaler + 8 + 16 
SCK : : 
1 O 1 Output Prescaler + 2 > 4 
SCK System _ 2 
t y Output Clock ! 
1 1 1 SCK External _ _ 
Input Clock 
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Table 8. Serial Interrupt Request Flag Table 10. Serial Interface Operation 
Mode 

Serial Interrupt Request Flag interrupt Request Séaai interface 

O No SMR3 PMR1 PMRO Operating Mode 

ae ae 1 1) O ~ Clock Continuous 


Output Mode 


Table 9. Serial Interrupt Mask ] 0 | Transmit Mode 
1 1 O Receive M 

Serial Interrupt Mask Interrupt Request Bia cere eo een ee ees, 
1 1 1 Transmit/Receive 


0 Enable Mode 


1 Disable (Mask) 






Transfer 
Clock 







Serial 
Output 
Data 


Serial Input 
Data 
Latch Timing . 


Figure 10. Serial Interface I/O Timing Chart 












Change PMR means the change of 
operation mode as below: 


Clock * Transmit Mode - 
Continuous - Receive Mode STS Waiting State 


Output Mode] | + Transmit/Receive fas Counter =O00 


Transfer Clock Disable Change PMR* 


Transfer Clock 


SCK Waiting State Transfer State 


8 Transfer Clocks, 
STS Instruction 


(IFS<—1) 


(Octal Counter =000) (Octal Counter +000) 





Figure 11. Serial Interface Operation State 
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Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 

The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by changing the operation mode 
through a change in the data in the port 
mode register, or by writing data into the 
serial mode register. In this state, the serial 
interface does not operate even if the transfer 
clock is applied. If an STS instruction is 
executed, the serial interface shifts to SCK 
waiting state. 

In this state the falling edge of the first trans- 
fer clock causes the serial interface shift to 
transfer state, while the Octal Counter 
counts-up and the serial data register shifts 
simultaneously. As an exception, if the clock 
continuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. 

The octal counter becomes 000 again by 8 
execution or STS 
instruction, so that the serial interface returns 
to SCK waiting state, and the serial interrupt 
request flag is set simultaneously. 

When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stops 
after 8 clocks. 


trancfar clocks or By 


Va ee ew ee awwasay 


Transmit/Receive 
(IFS<—1) 


Interrupt 
Disable 


Write to 
SMR 


No 


Normal End 





Example of Transfer Clock Error Detec- 
tion: The serial interface functions abnor- 
mally when the transfer clock is disturbed by 
external noises. In this case, transfer clock 
error can be detected by the procedure 
shown in figure 12. 

If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts as the following sequence: 
first, transfer state, second, SCK waiting state 
and third, transfer state again. The serial 
Interrupt flag should be reset before entering 
into the STS state by writing data to SMR. 
This procudure causes the serial Interface 
Request Flag to be set again. 


Timer 


The MCU contains a prescaler and a timer/ 
counter (timer A, timer B, figure 13) whose 
functions are the same as HMCS404C’s. The 
prescaler is an 11-bit binary counter, timer A 
an 8-bit free-running timer/counter and timer 
B is an 8-bit auto-reload timer/event counter. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer A, timer B, and the serial inter- 


Transfer Clock 
Error Processing 


Figure 12. Example of Transfer Clock Error Detection 
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face. The prescaler divide ratio is selected by 
the timer mode register A (TMA), timer mode 
register B (TMB), and serial mode register 
(SMR). 


Timer A Operation: After timer A is initial- 
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A is counted up 
to $FF, timer A is set to $00 again, and 
generating overflow output. This leads to 
setting timer A interruput request flag (IFTA: 
$001, bit 2) to 1. Therefore, this timer can 
function as an interval timer periodically 
generating overflow output at every 256th 
clock signal input. 

The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT: as INT; and 
set the external interrupt mask (IM1) to pre- 
vent an external interrupt request from oc- 


Timer Mode Register B 


(4bit) 


TMB 
TL (4bit) 4 
Timer Latch 
REG. 
INT; =e 
(D>) Timer B MAX TCB (8bit) 


N 
- t+ o) 
ele | ote + 


Prescaler (11 bit) 
0 
N 
a ve boa be Din 
«f- *}s el] el- ole 


System 
Clock 


te Dole fof fe 


Timer A MPX 


3 


TMA (3bit) 


Timer Mode Register A 





curring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 
reload function is selected timer B is initial- 
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 


Timer Mode Register A (TMA: $008): The 
timer mode register A is a 3-bit write-only 
register. The TMA controls the prescaler 
divide ratio of timer A clock input, as shown 
in Table 11. 

The timer mode register A is initialized to $0 
by MCU reset. 


Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write- 
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 12. The timer mode register B is initial- 


Internal Bus Line (S1) 


Timer/Event Counter B 


Pe Med bbl 
Timer Load Register 
sr 


_Internal Bus Line 


TBOF +1 IFTB 


Interrupt 
Request Flag 
of Timer B 


TCA (8bit) 
Timer Counter A 


Interrupt 


Request FIAg 
of Timer A 


Figure 13. Timer Block Diagram 
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ized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 
TMB are changed. Configuration and function 
of timer mode register B is shown in figure 14. 


Timer B (TCBL: SOOA, TCBU: SOOB, TLRL: 
S00A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer ioad register is 


initialized to $00 by the MCU reset. 


Table 11. Timer Mode Register A 


TMA2 TMA1 TMAO Prescaler Divide Ratio 









































O 0 O + 2048 
0 0 1. = 1024 - 
. + © = oa — 
; O 1 1 = 1 28 - 
1 O 0 —_ 32 On 
a © ¢ & @ 
1 1 6) a 4 - 
;. «¢ 4 = 2 


The counter value of timer B can be obtained 


_by reading the timer/event counter. In this 


case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 


Timer A Interrupt Request Flag (IFTA: 
$001 bit 2): The timer A interrupt request 
flag is set by the overflow output to time A 
(table 13). 


Timer A Interrupt Mask (IMTA: $001 bit 
3): Timer A interrupt mask prevents an 
interrupt request generated by timer A 
Interrupt request flag (table 14). 


Timer B Interrupt Request Flag (IF TB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 15). 


Timer B Interrupt Mask (IMTB: $002 bit 
ij): The timer 6 Interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 16). 


Table 12. Timer Mode Register B 





TMB3 Auto-reload Function 
O No 
1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 


























0 6) O + 2048 
oO © T @ Se  — ~ 
O 1 O oe 128 — 
- O 1 1 -_ 32 oe 
1 ; 0 _ O a 8 ; i 
; 7 0 | 1 4 
1 1 0 = 2 








INT, (External Event Input) 
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Table 13. Timer A Interrupt Request Table 15. Timer B Interrupt Request 


Flag Flag 
Timer A Interrupt Timer B Interrupt 
Request Flag interrupt Request Request Flag Interrupt Request 
O No 0 No 
1 Yes 1 Yes 
Table 14. Timer A Interrupt Mask Table 16. Timer B Interrupt Mask 
Timer A Interrpt Mask Interrrupt Request Timer B Interrupt Mask Interrupt Request 
6) Enable O Enable 
1 Disable (Mask) 1 Disable (Mask) 


PMR: $004 a can 


PMR3 | PMR2 es] no ous sure sw sro 
= ee clock selection 
R4)/SCK pin mode selection 


R42/SO pin mode selection 


R4,/Sl pin mode selection 


R32/INTo pin mode selection 


R33/INT, pin mode selection 


TMA: $008 TMB: $009 


< 'TMA2 | TMA1] TMAO TMB3 | TMB2| TMB1 | TMBO 
—_—_——__Y 
t | Timer 6 input ciock seiection 
Auto-reload function selection 


Timer A input clock selection 





Figure 14. Mode Register Configuration and Function 
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Input/Output 


The MCU has 58 1/O pins, 32 standard and 26 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
puli-up MOS (NMOS open drain): and one of 
two circuit types can be selected for each 
high-voltage pin: with pull-down MOS and 
without pull-down MOS (PMOS open drain). 
Since the pull-down MOS is connected to the 
internal Vuisp line, Vaisp must be selected for 
the RA:/Vaisp pin via mask option when at 
least one high-voltage pin is selected as with 
pull-down MOS option. See table 17 as for I/O 
pin circuit types. 


When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 18. 


Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
figure 15 is used to shorten rise time of out- 
put. 


When the MCU executes an output instruc- 
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 , a high output 
level is maintained by the pull-up MOS (C). 


When the HLT signal becomes 0O in stop 
mode, MOS (A) (B) (C) turn off. 


D Port: The D port is an I/O port which has 16 
discrete I/O pins, each of which can be ad- 
dressed independently. It can be set/reset 
through SED/RED and SEDD/REDD instruc- 
tions, and can be tested through TD and TDD 
instructions. See table 17 as for the classifica- 


tion of standard pin, high-voltage pin, and the 
I/O pin circuit types. 


R Ports: The eleven R ports in the HMCS408 
are composed of 20 I/O pins, 16 output-only 
pins, and 6 input-only pins. Data is input 
through LAR and LBR instructions and out- 
put through LRA and LRB instructions. The 
MCU will not be affected by writing into the 


-input-only and/or non-existing ports, while 


invalid data will be read by reading from the 
output-only and/or non-existing ports. 


The R32, R33, R40, R41, and R42 pins are multi- 
plexed with the INTo, INT:, SCK, SI, and SO 
pins respectively. See table 17 as for the clas- 
sification of standard pins, high-voltage pins 
and selectable circuit types of these I/O pins. 





Unused I/O Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 


Hign-voitage pins: select without pull-down 
MOS (PMOS open drain) via mask option and 
connect to Vcc on the printed circuit board. 


Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 


R40/SCK and R42/SO should be used as R4o 
and R42 by serial mode register and port 
mode register respectively. 


Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy trc for the oscillator to 
Stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 


Table 19 shows the parts initialized by MCU 
reset, and the status of each. 
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Table 17. I/O Pin Circuit Types 


Without pull-up MOS With pull-up MOS Applicable 
(NMOS open drain) (A) (B) pins 
HLT ALT Input 
data 
Vcc IVcc a 
a 





data 


” 
= 
a 
) 

too 

© 
a 

2 

” 
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Without pull-down MOS ; Applicable 
. With pull-down MOS (E) ; _ 
(PMOS open drain) (D) pins 

















Dag —Dis 
R15 —-R13 
R25 -—R23 
; ; — Vcc 7 : 

” ee 

= HLT 

a. be Sutput: ROo — RO3 

Fy Output data 

Pins 

8 

= Vcc 

> . 

& Vdisp _ 

a 


Snipiat aye — aia 
eee OFT De ~ input ie Ao 
Pins data 


S ches BB Input RA, 
data 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 195 





HMCS408C/HMCS408CL/HMCS408AC 


Without pull-up MOS (NMOS open drain) Applicable 
With pull-up M B 
or CMOS (A or C) phipaup moe) pins 


HLT + mode select 


internal SCK : — 
internal SCK 


~” 
= 
0. 
S 
hen 
© 
S 
¢ 
A] 
Pe) 
” 





Notes: 1. In the stop mode, HLT signal is O, HLT signal is 1 and I/O pins are in high impedance state. 


2. If the MCU is interrupted by serial interface in the external clock input mode, the SCK 
terminal becomes input only. 
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Table 18. Data Input from Input/Output Common Pins 
































1/0 Pin Circuit Type Input Possible Input Pin State 
Standard Pins CMOS No a 

Without puli-up MOS 

; Yes 1 

(NMOS open drain) 

With pull-up MOS Yes 1 
High Voltage Pins Without pull-down MOS Y 0 

es 
(PMOS open drain) 
With pull-down MOS Yes O 


\ Write pulse 
PMOS (B) (Output 


instruction) 


Pull-up MOS (C) 


HLT 


NMOS (A) 
Data 


On Resistance Value 


HMCS408C, HMCS408AC HMCS408CL 


approx. 2500 approx. 1 kQ 








B approx. 1 kQ approx. 1.7 kQ 
Cc approx. 30k0 to 160 kO approx. 60 kO to 1 MO (V,, = 3 V) 
approx. 30 kQ to 160 kO (V,, = 5 V) 


1 Instruction cycle 


Output instruction execution 
Write pulse ee Oe 


Figure 15. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Table 19. Initial Value After MCU Reset 
Initial Value by 





Items MCU Reset Contents 

Program Counter (PC) $0000 Execute program from the top of ROM 
address 

Status (ST) 1 Enable to branch with conditional branch 
instructions 

Stack Pointer (SP) $3FF Stack level is O 

1/O Pin Standard Pin (A) Without Pull-Up 1 Enable to input 

Output Register MOS 


(B) With Pull-Up 1 
MOS 


(C) CMOS 1 


High Voltage (D) Without Pull- O 
Pin Down MOS 


(E) With Pull- O 
Down MOS 


© 


Interrupt Flag Interrupt Enable Flag (1/E) 
Interrupt Request Flag (IF) 0 
Interrupt Mask (1M) 1 

Mode Register Port Mode Register (PMR) 0000 
Serial Mode Register (GMR) OOOO 
Timer Mode Register A (TMA) O00 
Timer Mode Register B (TMB) OOOO 

Timer/Counter Prescaler $000 
Timer/Counter A (TCA) $00 
Timer/Event Counter B (TCB) $00 


Timer Load Register (TLR) $00 
Octal Counter 000 
AlA¢sa RAD DE anante alfa nem 4h ane Lf Ln mate CWE wes 
IWULO. WIN POOOCL GHGLLS LIT ISOl Ul POYISLOIS all LOUHNUWOD. 
HITACHI 


Enable to input 


Enable to input 


Enable to input 


Inhibit all interrupts 

No interrupt request 
Mask interrupt request 
See port mode register 
See serial mode register 
See timer mode register A 


See timer mode register B 
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After recovering from STOP 
mode by MCU reset 


The contents of the items before 
MCU reset are not retained. 

it is necessary to initialize them by 
software. 


The contents of RAM before 


' MCU reset (just before STOP 


instruction) are retained. 


@ HITACHI 


After MCU reset except for 
the left condition 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 


Same as above 
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Internal Oscillator Circuit 


Figure 16 outlines the internal oscillator cir- 
cuit. Through mask option, either crystal os- 
cillator or ceramic filter oscillator can be 
selected as the oscillator type. Refer to table 


Oscillator 
(Selectable 


with mask 
options) 


Divider 

circuit 

(Mask Option 
Selectable) 





21 for selection of the type. In addition, see 
figure 17 for the layout of the crystal or 
ceramic filter. In all cases, external clock 
operation is available. Three divide ratios, 1/ 
16, 1/8, and 1/4, are selectable via mask option 
(table 20). 


Timing 
generator 
circuit 


System 
clock 


Figure 16. Internal Oscillator Circuit 








Table 20. Internal Oscillation Circuit 
Mask Option 
HMCS HMCS HMCS 
408C 408CL 408AC 
Divider 1/16 — © a 
1/8 O O O 
1/4 @ O 
Oscillator Crystal O O 'S 
C 
eae: 2 2 Figure 17. Layout of Crystal and 
Ceramic Filter 
© HITACHI 
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Table 21. Examples of Oscillator Circuits 


Circuit Constants 


Circuit Configuration | HMCS408C HMCS408CL HMCS408AC 


External Oscillator 
Clock 
Operation OSC: 


Open—4OSC2 








Ceramic Ceramic filter Ceramic filter Ceramic filter 
Filter CSA 4.00MG CSA 4.00MG CSA 8.00MT 
Oscillator CSA 2.000MK CSA 2.000MK CSA 4.00MG 
(Murata) (Murata) (Murata) 
:1MQ + 20% Re: 1 MQ + 20% Re: 1 MQ 20% 
: 30 pF + 20% + 20% : 30 pF + 20% 
: 30 pF + 20% : 30 pF + 20% 


Ceramic 





Crystal rae a ao Mos 2Oy Ri 1 MQ + 20% Re: i MG + 20% 
Oscillator | cystai Le C1: 10-22 pF + 20% | C1: 10-22 pF + 20% | C;: 10-22 pF + 20% 
oo Co: 10-22 pF + 20% | C2: 10-22 pF + 20% | Cz: 10-22 pF + 20% 
C2 Crystal: equivalent to | Crystal: equivalent to | Crystal: equivalent to 
aa i Rees circuit shown circuit shown circuit shown 
resonance crystal Co: 7 pF max. Co: 7 pF max. Co: 7 pF max. 


Rs: 100 Q max. Rs: 100 2 max. Rs: 100 2 max. 
f : 1.0-—4.5 MHz f: 1.0-—4.5 MHz f:1.0-—4.5 MHz 
f : 1.0-—9.0 MHz 


Re: 2 MQ + 20% 

Ci: 10-22 pF + 20% 
Co: 10-22 pF + 20% 
Crystal: equivalent to 


circuit shown 

Co: 7 pF max. 

Rs: 100 2 max. 

f: 1.0-—2.25 MHz 


GT cut parallel 
resonance crystal 


osc} L em Pose 


Co 





Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended 
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal, ceramic 
filter resonator, and the floating capacitance in designing the board. In employing the 
resonator, please consult with the engineers of the crystal or ceramic filter maker to 
determine the circuit parameter. 

2. Wiring between OSC, OSC2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 17). 
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Operating Modes 
Low Power Dissipation Mode 


The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
22). Figure 18 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 
tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 


into standby mode. 


Table 22. Low Power Dissipation Mode Function 





Condition 
Timer/ 
Low Power Input/ Counter, 
Dissipation Oscillator Instruction Register, Interrupt Output Serial Recovery 
Mode Instruction Circuit Execution Flag Function RAM Pin Interface Method 
Standby mode SBY Active Stop Retained Active Retained Retained 3 Active RESET 
instruction input, 
interrupt 
request 
Stop mode STOP Stop Stop RESET 1 Stop Retained High Stop RESET 
instruction impedance 2 input 
Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 19 for the contents of 


the flags and registers. 

2. A high-voltage pin with a pull-down MOS is tied to the Vuiso power supply through the pull- 
down MOS. As the pull-down MOS stays on, a pull-down current flows when a difference 
between the pin voltage and the Vdisp voltage exists. This is the additional current to the 
current dissipation in stop mode (|stop). 

3. Asan 1/O circuit is active, an I1/O current may flow, depending on the state of I/O pin in 
standby mode. This is the additional current to the current dissipation in standby mode. 


Active 


Standby 





Figure 18. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is O, the 
interrupt request is put on hoid and normail 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 


Figuer 19 shows the flowchart of the standby 


mode. 


Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 


' MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to trc for oscil- 
lation to stabilize. (Refer to AC Characteris- 
tics table.) After stop mode is cancelled, RAM 





Oscillator Active 

Peripheral Clocks 
Active 

All Other Clocks 

Stop 


Restart 
Processor Clocks 


| (A) (B) 
Instruction 





Restart 
Processor Clocks 
<> 
Yes (C) 


Interrupt 
Accept 


Figure 19. MCU Operating Flowchart in Standby Mode 
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retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y/SPY registers, and car- 
ry May not retain their contents. 


RAM Addressing Mode 


As shown in Figure 21, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 22. 


Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. 


This instruction replaces the low-order eight 
bits of the program counter (PC7 to PCo) with 
the 8-bit immediate data. | 


When BR is on page boundary (256n + 255) 
(figure 23), executing a BR instruction trans- 
fers the PC contents to the next page accord- | 
ing to the hardware architecture. Conse- 
quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 


pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low-order six bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PCi3 to 
PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 24). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B Register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 









Internal clock with 


RESET ne wi 


STOP instruction execution 


| Stop mode | 
oseitotor TTI coc TTT TTT TTT TTT 






Figure 20. Timing Chart of Recovering from Stop Mode | 

















(more than stabilization time: trc) 


© HITACHI 
204 Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. @ Brisbane, CA 94005-1819 © (415) 589-8300 





HMCS408C/HMCS408CL/HMCS408AC 





W Register X Register Y Register 


fe NT ee we Nn a Pe 









Register Indirect Addressing 


RAM Address 


Instruction 1st Word Instruction 2nd Word 





’ Direct Addressing 













RAM Address 


Instruction 








RAM Address 


Memory Register Addressing 


Figure 21. RAM Addressing Mode 
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Instruction 1st Word Instruction 2nd Word 


Program Counter|PCi3 PCi2 PC11 PCio PCs PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Direct Addressing 


Instruction 


Program Counter |PC13 PCi2 PC11 PCio PCa PCs PC7 PCe PCs PCa PC3 PCz2 PCi PCo 


Current Page Addressing 


Instruction 


Program Counter }|PC13PC12PCi1 PCio PCa PCs PC7 PCe PCs PCa PC3 PCz2 PC: PCo 


Zero Page Addressing 


Instruction 


Program Counter|PCi3PC12 PC11 PC10 PCa PCa PC7z PCe PCs PCa PC3 PC2 PC: PCo 


Table Data Addressing 





Figure 22. ROM Addressing Mode 
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256(n—1)+255 
BR AAA 256n 


AAA NOP 


256n+254 
256n+255 
256(n+1) 


BBB NOP 





Figure 23. The Branch Destination by BR Instruction on the Boundary between Pages 


Instruction 


Opcode : 
B Register Accumulator 


Bs B2 Bi Bo} A3 Az Ar Ao 
Referred ROM Address |RAi3 RAi2 RA1:RA10RA9 RAs RA7 RAs RAs RAs RA3 RAz2 RA: RAo 


Address Designation 


ROs ROs RO7 ROs ROs ROs ROzs RO2 RO: ROo 


Accumulator, B Register]B3 Bz Bi Bo|As Az Ai Ao If ROs=1 


1 
ROs ROs RO7 ROs ROs RO« ROz RO2 RO:i ROo 


Output Register R1, R2 {R23 R22 R21 R20}R13 R12 R11 Rlo 





Figure 24. P Instruction 
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Instruction Set 5. Arithmetic instruction 
. 6. Compare instruction 

The HMCS408C/CL/AC provide 99 instruc- 7. RAM bit manipulation instruction 
tions which are classified into 10 groups as 8. ROM address instruction 
follows; 9. Input/output instruction 

1. Immediate instruction 10. Control instruction 

2. Register-to-register instruction 

3. RAM address instruction Tables 23-32 list their functions, and table 33 

4. RAM register instruction is an opcode map. 
Table 23. Immediate Instructions 

Words/ 
Operation Minemonic Operation Code Function Status Cycles 
Load A from Immediate LAI i 100 0 1 1 ig ig i117 i9 1 -° A 1/1 
Load B from Immediate LBI i 1000 0 O ig i2 iy i9n i + B 1/1 
Load Memory from LMID i,d 0110 1 O ig ig 1 i9 i -+M 2/2 
Immediate dg dg d7 dg ds dq d3 do d; do 
Load Memory from LMHY i 101 0 0 1 ig ig iy ig i *M, Y+1-Y NZ 1/1 
Immediate, Increment Y 
Table 24. Register-to-Register Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B | LAB 0001001000 B-A 1/1 
Load B from A LBA 0011001000 A-~B 1/1 
Load A from W LAW 0100000000 WA 2/2 
0000000000 (Note) 

Load A from Y LAY 0010101111 ~YoA 1/1 
Load A from SPX LASPX 0001101000 SPX-A 1/1 
Load A from SPY LASPY 00010311000 $SPY~A 1/1 
Load A from MR LAMR m 10 O01 1 1 mmmm MRim) ~A 1/1 
Exchange MR and A XMRA m 101 1 1 1 m mmm MR(m-A 1/1 





Note: An operand is provided for the second word of LAW and LWA instruction by assembler automat- 
ically. 
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Table 25. RAM Address Instructions 


Operation Mnemonic 
Load W from Immediate LW i 
Load X from Immediate LXI i 
Load Y from Immediate LYI i 

| Load W from A LWA 
Load X from A LXA 
Load Y from A LYA 
Increment Y lY 
Decrement Y DY 
Add A to Y AYY 
Subtract A from Y SYY 
Exchange X and SPX XSPX 
Exchange Y and SPY XSPY 


Exchange X and SPX,Y XSPXY 


and SPY 


_ 


_ 


o;o;o;o;o};jo!;ro;o;o;oo 
oO}o;o;o;o];]o;o};o;y;oro- 


OoO;O; oO 
oOo};o;]o 


io) 


Oo 


Oo 


— 


oO1ro};}o;}o;oy;o};o;o 


oO;O; oO 


Operation Code 


oO;O;O0; 0] © 
oO; Oo; Oo 


S/O OSS 
= Rog oe mee) 


Oo; O; © 


oO; © 


Function 
i~W 
i-> xX 
pee y 


A-W 


A-X 

A-Y 

Vee) ¥ 
Yor ey 
Y+tA—Y 
YA ¥ 
X ++ SPX 
Y =SPY 


X~SPX, Y-SPY 


Status 


NZ 


NB 


OVF 


NB 


Words/ 
Cycles 


1/1 
1/1 
1/1 


2/2 
(Note) 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


Note: An operand is provided for the second word of LAW and LWA instruction by the assembler 


automatically. 
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Table 26. RAM Register Instructions 


Operation 
Load A from Memory 


Load A from Memory 


Load B from Memory 


Load Memory from A 





Load Memory from A 


Load Memory from A, 


Increment Y 


Load Memory from A, 


Decrement Y 


Exchange Memory and A 


Exchange Memory and A 


Exchange Memory and B 


Note: 


Mnemonic 


LAM(XY) 


LAMD d 


LBM(XY) 


LMA(XY) 


LMAD d 


LMAIY(X) 


LMADY(X) 


XMA(XY) 


XMAD d 


XMB(XY) 


Operation Code 
00100100 ~y x 


0110010000 
dg dg d7 de ds d4 d3 d2 d; do 


00010000 y x 
00100101 y x 


0110031410100 
dg dg d7 dg ds dq d3 d2 di do 


000101000 x 


0 1101000 x 


00100000 y x 


0110000000 
dg dg d7 de ds d4 d3 do di do 


00110000 y x 


(XY) and (X) have the following meaning: 


Function 
M—A, (X-SPX, Y-SPY) 


M-A 


M-B, (X—-SPX, Y-SPY) 
A--M, (X—-SPX, Y--SPY) 


AM 


A-M, Y+1—Y (X—SPX) 


A-M, Y-1-*Y¥ (X—SPX) 


MA, (X-SPX, Y-SPY) 


M-A 


MB, (X-SPX, Y~SPY) 


Status 


NZ 


NB 


Words/ 
Cycles 


1/1 


2/2 


i/1 
1/1 
2/2 


1/1 


1/1 


1/1 


2/2 


1/1 


(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 
LAM (XY) is given, below). 


Ninemonic 


LAM 
LAMX 
LAMY 


LAMXY 


y 


Function 


a2 ern arene ape Ateneo nth stantial Nee 


X-+SPX, YoSPY 





(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 


Mnemonic 
LMAIY 
LMAIYX 


210 
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Table 27. Arithmetic Instructions 




































































Words/ 
Operatien Mnemonic Operation Code Function Status Cycles 
Add Immediate to A Al} 10100 0 ig io i in Ati: A OVF 1/1 
Increment B 1B 0001001100 BHt1 B NZ 1/1 
Decrement B DB 0011001 1 1 =41 B—1 B NB 1/1 
Decimal Adjust for Addition DAA 00 1 0 1 ©: Or 1 1/1 
Decimal Adjust for Subtraction DAS 001010101 0 1/1 
Negate A NEGA 0001100000 A+1 °:A 1/1 
Complement B COMB 0101000000 8B :B 1/1 
Rotate Right A with Carry ROTR 0010100000 1/1 
Rotate Left A with Carry ROTL 001010000 1 1/1 
Set Carry SEC 001311031111 =+1-CA 1/1 
Reset Carry REC OP 20e Ta Ph 208 th Oe Oe Ob eA ae 
Test Carry _ FG 0001101 1 1 ~=1 CA 1/1 
Add A to Memory AM 0000001000 MtA--A OVF 1/1 
Add A to Memory AMD d 010,0001000 M+tA-+A OVF 2/2 
dg dg d7 deg ds dag d3 d2 di do 
Add A to Memory with Carry AMC 000001 1000 M+tA+CA~A OVF 1/1 
OVF ~CA 
Add A to Memory with Carry AMCDd 0100011000 M+A+CA+A OVF 2/2 
dg dg d7 dg dg dg d3 dad; do OVF-~CA 
Subtract A from Memory SMC 0010011000 M-A-CA-A NB 1/1 
with Carry NB-CA 
Subtract A from Memory SMCD d 0110011000 M-A-CA-A NB 2/2 
with Carry dg dg d7 dg ds dg d3 dad; do NB-*CA 
OR A and B OR 0101000100 AUB-*A 1/1 
AND Memory with A ANM 00100311100 ANM-+A NZ 1/1 
AND Memory with A ANMD d 01100311100 ANM-A NZ 2/2 
dg dg d7 dg ds da d3 d2 dj do 
OR Memory with A ORM 0000001100 AUM+A NZ 1/1 
OR Memory with A ORMD d 0100001100 AUM-A NZ 2/2 
dg dg d7 dg ds dq d3 d2 dj do 
EOR Memory with A EORM 0000011100 A®M~A NZ 1/1 
EOR Memory with A EORMD d 0100011100 A®M-A NZ 2/2 


dg dg d7 deg ds dg d3 d2 di do 
Note: M : Logical AND 


U : Logical OR 
& : Exclusive OR 


@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


211 





HMCS408C/HMCS408CL/HMCS408AC 


Table 28. Compare Instructions 





Operation Mnemonic 
Immediate Not Equal INEM i 
to Memory 

Immediate Not Equal INEMD i,d 
to Memory 

A Not Equal to Memory ANEM 

A Not Equal to Memory AMEMD d 
B Not Equal to Memory BNEM 

Y Not Equal to Immediate YNEI i 
Immediate Less or Equal ILEM | 

to Memory 

Immediate Less or Equal ILEMD i,d 
to Memory 

A Less or Equal fo. MemiGey ALEM 

A Less or Equal io: Menioty ALEMD d 
B Less ar Equal t6 Memory BLEM 

A Less or Equal to Immediate ALEl i 


Operation Code 


0000 1 O ig ig i; 


0100 1 O ig io iy 
dg dg d7 deg ds dq d3 do dj 


0000000 1 0 


010000010 
dg dg d7 deg ds da d3 do dy 


000100010 
000 1 1 1 ig i2 i 


0000 1 1 ig i2 i 


0100 1 1 i3 ig iy 
dg dg d7 dg ds dg d3 do dy 
000001010 


010001010 
dg dg d7 dg ds dq d3 do dj 
0013100010 


10101 1 ig ig i 


Table 29. RAM Bit Manipulation Instructions 


Operation 


Set Memory Bit 


Set Memory Bit 





Mnemonic 


SEM n 


SEMD n,d 


Operation Code 


0010000 1n 


0110000 18n 
dg dg d7 de ds dq d3 do dy 


Function 


ix M 


iz+M 


A#+M 


A#+M 


> 
IIA 


Function 
1 -+ M(n) 


1» Min) 


Acetone tndbainandninae sme enenhain tnt eedeninndjbhtilabaninniae sbi aniline AE ERA LAS Rt nA Sas LALA GMO inhi AANA nan SN ese 





Reset Memory Bit 





ee OC ee Ce ees 


Test Memory Bit 


padded a he bn thn ASE tg EATON tae 


Tin 


TMD n,d 


0010001 0mn 


0110001 0n 


dg dg d7 deg ds d4 d3 d2 d} do 


0010001 1n 


0110001 1n 


‘To 


No 


dg dg d7 dg ds dq d3 dz di do 


@ HITACHI 


Status 


NZ 
NZ 


NZ 


NZ 


NZ 
NZ 


NB 
NB 


NB 


NB 


NB 


NB 


Status 


Min) 


M(n) 
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Words/ 
Cycles 


1/1 


2/2 


1/1 
2/2 


1/1 
1/1 
1/1 


2/2 


1/1 


2/2 





1/1 


1/1 


Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


1/1 


2/2 
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Table 30. ROM Address Instructions 







































































Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 be bs ba b3 ba bi bo 1 1/1 
Long Branch on Status 1 BRL u 010 1 1 1 p3p2Ppi Po 1 2/2 
dg dg d7 dg ds dq d3 do dj do 
Long Jump Unconditionally JMPL u O10 1 0 1 p3p2 pi po 2/2 
dg dg d7 dg dg dy d3 do di do 
Subroutine Jump on Status 1 CALa O 1 1 1 as aq a3 az ay ag 1 1/2 
Long Subroutine Jump on CALL u O10 1 1 O p3p2 pi po 1 2/2 
Status 1 dg dg d7 dg ds dq d3 do d do 
Table Branch TBR p 001 0 1 1 p3p2Pp1 Po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 000001000 1 1 I/E ST 1/3 
CA Restore 
Table 31. Input/Output Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete I/O Latch SED 0011100 1 0 0 1 + D(Y) 1/1 
Set Discrete |/O Latch Direc SEDD m 101 110m mm m 1 -+ D(m) 1/1 
Reset Discrete 1/O Latch RED 0001100100 £40 -+Dt{Y) 1/1 
Reset Discrete I/O Latch Direct REDD m 10011 0mm mm mm 0 +~ D(m) 1/1 
Test Discrete |/O Latch TD 001313100000 D(Y) 1/1 
Test Discrete !/O Latch Direct TDD m 10101 0mgmm nm D(m) 1/1 
Load A from R Port Register LAR m 10010 1 mgm m mm R(m) + A 1/1 
~ Load B from R Port Register LBRm 100100mmmnm . Rim) ~-B 1/1 
Load R Port Register from A LRA m 101 10 1 mgm m m A -» R(m) 1/1 
Load R Port Register from B LRB m 101 10 0mgemm ro B +» R(m) 1/1 
Pattern Generation Pp O11 0 1 1 pg p2 pi po 1/2 
Table 32. Control Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 000000000 0 1/1 
Start Serial STS 0101001000 1/1 
Standby Mode SBY 0101001100 1/1 
Stop Mode STOP 0101001410 41 1/1 
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Table 33. Opcode Map 


a 
MEO BeOe duo oeOREegBeqR0Ro000R00R 
Baad = pe eee = Sae 


INEMD 








= 
r—~ 
= 
Pi 
= 
kas 
> 
< 
< 


CALL p(4) 
BRL p(4) 


XMA(XY) SEMD n(2) TMD n(2) 








P p(4) 
CAL a(6) 
1 BR b(8) 








See) Oe eels Seales Sela |m| elo |e sel s)s|e 


TDD m(4) 
ALEI i(4) 
LRB m(4) 
LRA m(4) 
SEDD m(4) 
XMRA m(4) 


{ _}--4-word/2-cycle [ _}--1-word/3-cycle_ [| }-RAM Direct Address f __}---2-word/2-cycle 
Instruction Instruction Instruction instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 






































Item Symbol Value Unit Note 
Supply Voltage Vec =O 3:16. F530 V 
Terminal Voltage Vr - 0.3 to Vec + 0.3 V 3 
Wes — 45 ‘e Vec + 0.3 V 4 
Total ileanee of Input Current = lo _ 50 | : mA ; 5 
Maximum Input Current lo 15 mA 7,8 
Maximum Output Current — lo - 4 mA 9,10 
6 oe 9,11 
30 | mA 9,12 
Total Allowance of Output Current —- = lo 150 mA 6 
"“Gocistiig Temperature Toor - 20to + 75 °C 
Storage. neraperstuie Tstg =66: to 125 C 


Notes: 1. 


Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera- 


D ARWN 


—_ad wd 3 


Soe. aS 


tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceeded, it may cause a malfunction or affect the reliability of LSI. 

All voltages are with respect to GND. 

Standard pins. 

High-voltage pins. 

Total allowance of input current is the total sum of input current which flows in from all 1/O 
pins to GND simultaneously. 

Total allowance of output current is the total sum of the output current which flows out 
from Vcc to all 1/O pins simultaneously. 

Maximum input current is the maximum amount of input current from each I/O pin to GND. 
Do-—D3 and R3-R8. 

Maximum output current is the maximum amount of output current from Vcc to each I/O 
pin. 

Do—D3 and R3-R8. 

RO-R2. 

Da—Dis. 
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Electrical Characteristics 


DC Characteristics 


(GND = OV, Vaiss = Vcc — 40 V to Vcc, Ta = —20°C to + 75°C, 
HMCS408C: Vcc = 3.5 V to 6 V, 
HMCS408CL: Vcc = 2.5 V to 6 V, 


HMCS408AC: Vcc = 4.5 V to 6 V) 


item 


Input High 
Voltage 


Input Low 
Voltage 


Output High 
Voltage 


Output Low 
Voltage 


Input/Output 
Leakage 
Current 


Current 
Dissipation in 
Active Mode 


216 


Symbol 


ViH 


Vit 


Vou 


VoL 


[tad 


lec 











Pin Min Typ Max 
RESET, SCK 0.8 Vcc Vec + 0.3 
R32/INTo, 
R33/INT, 
Sl 0.7 Vcc Vec + 0.3 
OSC, Vec ~— 0.5 Vec + 0.3 

Vec — 0.3 Vec + 0.3 
RESET, SCK -— 0.3 0.2 Vcc 
R32/INTo, 
R33/INT 
SI ae OeS 0.3 Vcc 
OSC, - 0.3 0.5 

=303 0.3 
SCK, Vec — 1.0 
SO 

Vec — 0.5 
SCK, 0.4 
SO 
RESET,SCK 1 
R32/INTo, 
R33/INT1, 
S!, SO, 
OSC, 
Vec 2.3 

1.1 
4.5 
@ HITACHI 


Unit 


uA 


mA 


mA 


mA 


Test Condition Note 


HMCS408C/AC 


HMCS408CL 


HMCS408C/AC 
HMCS408CL 


HMCS408C/AC; 
—loo = 1.0mA 


HMCS408C/AC; 
—~ Ion = 0.5 mA 
HMCS408CL; 

— lon = 0.3 mA 


HMCS408C/AC; 
lo. = 1.6 mA 
HMCS408CL; 
lo. = 0.4 mA 


Vin = OV to Vcc 1 


HMCS408C; Vcc = 5V; 2,5 
fose = 4 MHz, + 8, or 

fosc = 2 MHz, + 4 
HMCS408CL; Vcc = 3V; 2,5 
fose = 4 MHz, + 16, or 

fosc = 2 MHz, + 8 


HMCS408AC; Vcc = 5V; 2,9 
fosc = 4 MHz, + 4 
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Item Symbol Pin Min Typ Max Unit Test Condition Note 
Current Ispy Vec 1.2 mA HMCS408C; Vcc = 5V; 3,5 
Dissipation in fosc = 4 MHz, + 8, or 


Standby Mode 


Tose _ 2 MHz, + 4 





0.5 mA HMCS408CL; Vcc = 3V; 3,5 
fose = 4 MHz, + 16, or 
fosc = 2 MHz, + 8 
17 mA HMCS408AC; Vcc = 5V; 3,5 
fose = 4 MHz, + 4 
Current es Voc 10 uA — HMCS408C/AC; 4 
Dissipation in Vin(TEST) = Vec — 0.3 V to 
Stop Mode Vec; Vec, Vin(RESET) = 
OVto0.3 V 
HMCS408CL; 
Vint TEST) = Vec - 0.2 V to 
Vec: Vec, Vin(RESET) = 
OVto0.2 V 
Stop Mode Veron Vec 2 V 
Retain Voltage 
Notes: 1. Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state, operation mode 
- RESET, TEST: Vcc 
- Do-D3, R3-R9: Vec 
© Da-Dis, RO-R2, RAo, RA: Vaisp 
3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
* MCU in standby mode 
- Input/output in reset state 
- Serial interface: Stop 
* RESET: GND 
* TEST: Vcc 
* Do-D3, R3-R9: Vec 
. Da-Dis, RO-R2, RAo, RA: Vaisp 
4. Excluding pull-down MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 


HMCS408C/AC; Max value @ x MHz = x/4 x (max value @ 4 MHz) 
HMCS408CL; Max value @ x MHz = x/2 x (max value @ 2 MHz) 
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Input/Output Characteristics for Standard Pin 


(GND = OV, Vaisp =Vcc — 40 V to Vcc, Ta = — 20°C to + 75°C, 
HMCS408C: Vcc = 3.5 V to 6 V, 

HMCS408CL: Vcc = 2.5 V to 6 V, 

HMCS408AC: Vcc = 4.5 V to 6 V) 


item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin Do-D3, 0.7 Vec Ver + 0.3 V 
Voltage R3-R5, 

R9 
Input Low : VIL Do-D3, -~ 0.3 0.3Vcc V 
Voltage . R3-R5, 

RQ 
Output High VoH Do-D3, Vec — 1.0 V HMCS408C/AC; 1 
Voltage R3-R8 — lon = 1.0 mA 

Do-D3, Vec ~ 0.5 V HMCS408C/AC; 1 

R3-R8 — loo = 0.5 mA 

HMCS408CL; ~— Ioy = 0.3 mA 

Output Low VoL Do-D3, 0.4 V HMCS408C/AC; Io, = 1.6 mA 
Voltage R3-R8 HMCS408CL; lon = 0.4 mA 
Input/Output | tie} Do-D3, 1 uA Vin = OV to Vec | 2 
Leakage Current R3-R9 
Pull-Up MOS —Ip Do-D3, 30 60 150 uA Vec = 5V, Vin = OV 3 
Current R3-R9 

Do-D3, 3 15 50 uA HMCS408CL only; 3 

R3-R9 Vec = 3 V, Vin = OV 


Notes: 1. Applied to I/O pins with CMOS output selected by mask option. | 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to !/O pins with pull-up MOS selected by mask option. 
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Input/Output Characteristics for High Voltage Pin 


(GND = OV, Vaisp =Vcc — 40 V to Vcc, Ta = — 20°C to + 75°C, 
HMCS408C: Vcc = 3.5 V to 6 V, 

HMCS408CL: Vec = 2.5 V to 6 V, 
HMCS408AC: Vcc = 4.5 V to 6 V) 
































Item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vio D4-Di5, 0.7 Vcc Ver + 0.3 V 
Voltage R1, R2, 
RAo, RA, 
Input Low VIL D4-Dis, Vcc — 40 0.3Vcc V 
Voltage Ri, R2, 
RAo, RA, 
Output High VoH D4-Di5 Vec — 3.0 V — Ioy=15 MA,Vec = 5V + 20% 
Voltage 
Vec — 2.0 V — Ioy=10 mMA,Vcc = 5 V + 20% 
—loH= 4mMmA 
HMCS408CL; 
— lon = 2.5 mA 
RO-R2 Vec — 3.0 V — lon = 3 MA, Vec = 5 V + 20% 
Vec - 2.0 V — lon = 2 mA, Voc = 5 V + 20% 
—- lon = 0.8 mA 
HMCS408CL; 
= 1OH =0.5mA 
Output Low VoL D4-Dis, Vec — 37 Vv Vaiss = Vec ~ 40 V 1 
Voltage RO-R2 
D4-D15, VEG 37) ay 150kQ to Vcc — 40V Z 
RO-R2 
Input/Output lh D4-Di5, 20 uA Vin = Vec — 40 V to Vec 3 
Leakage RO-R2, 
Current RAo, RA 
Pull-Down MOS ld D4-Di5, 125 250 #4600 uA Vdisp = Vcc — 35 V, 4 
Current RO-R2, Vin = Vec 
RAo, RA; 


Notes: 1. 


meh 
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Applied to I/O pins with pull-down MOS selected by mask option. 

Applied to 1/O pins without pull-down MOS (PMOS open drain) selected by mask option. 
Pull-down MOS current and output buffer current are excluded. 

Applied to I/O pins with pull-down MOS selected by mask option. 
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AC Characteristics 


(GND = 0 V, Vaisp =Vcc — 40 V to Vcc, Ta = — 20°C to + 75°C, 


HMCS408C: Vcc = 3.5 V to 6 V, 
HMCS408CL: Vcc = 2.5 V to 6 V, 
HMCS408AC: Vcc = 4.5 V to 6 V) 


item 


Oscillation Frequency fose 


Symbol 


Pin 


OSC;, OSC2 


Unit 


MHz 


MHz 


MHz 


MHz 


MHz 


MHz 


Test 
Conditions 


HMCS408C; 
divide by 8 


HMCS408C; 
divide by 4 


HMCS408CL; 
divide by 16 


HMCS408CL; 
divide by 8 


HMCS408AC; 
divide by 4 


-HMCS408AC; 


divide by 8 


Note 


1.78 2 20 


Instruction Cycle 
Time 


teye 


HMCS408C 


HMCS408CL 


HMCS408AC 


0.89 1 20 


Oscillator Stabiliza- tpc 
tion Time 


OSC, OSC2 


HMCS408C/AC 


HMCS408CL 


External Clock 


tcPH, 
High, Low tcp 
Level Width 


220 


OSC, 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 


0.4 4 4.5 

0.2 2 2.25 

0.8 4 4.5 

0.4 2 2.25 

0.4 4 4.5 

0.4 8 9 

3.55 4 20 
20 
60 

92 

203 

41 
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HMCS408C; 
divide by 8 
HMCS408CL; 
divide by 16 
HMCS408AC; 
divide by 4 


HMCS408C; 
divide by 4 
HMCS408CL; 
divide by 8 


HMCS408AC; 
divide by 8 


Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


(continued) 





AC Characteristics (Cont) 








Item Symbol Pin 
External Clock Rise tcp, OSC; 
Time 

External Clock Fall tcp, OSC, 
Time 

INTg High Level tion INTo 
Width 

INTo Low Level tiot INTo 
Width 

INT; High Level ti INT, 
Width 

INT, Low Level try, INT, 
Width 

RESET High Level tasty RESET 
Width 

Input Capacitance Cin All pins 


HMCS408C/HMCS408CL/HMCS408AC 




















Test 
Min Typ Max Unit Conditions Note 
20 ns 2 
20 ns 2 
2 tte 3 
2 teye 3 
2 ive 3 
2 teye 3 
2 thus 4 
15 pF f =1 MHz, 
Vin = OV 
20 ms HMCS408C/AC 4 
15 ms HMCS408CL 4 


Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 


minimum allowable voltage (HMCS408C:3.5 V, HMCS408CL; 2.5V, HMCS408AC; 4.5 
V) after power-on, or after RESET goes high. At power-on or STOP mode release, RESET 
must be kept high for at least tac. Since tac depends on the crystal or ceramic filter's circuit 
constant and stray capacitance, please get the manufacturer's advice when designing the 


Notes: 1. 
RESET circuit. 
2. See figure 25. 
3. See figure 26. 
4. See figure 27. 
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Serial Interface Timing Characteristics 


AT Transfer Clock Output 


(GND = OV, Vaiss = Vcc — 40 V to Vcc, Ta = —20°C to + 75°C, 


HMCS408C: Vcc = 3.5 V to 6 V, 
HMCS408CL: Vcc = 2.5 V to 6 V, 
HMCS408AC: Vcc = 4.5 V to 6 V) 


item Symbol 
Transfer Clock Cycle Time tscyc 
Transfer Clock High, tSCKH 
Low Level Width tScKL 
Transfer Clock Rise, Fall Time , 
SCKr 
tsckf 


Serial Output Data Delay time toso 


Serial Input Data Set-up Time — tgg, 


Serial Input Data Hold Time tus! 


Pin Min Typ 
SCK 1 
SCK 0.5 
SCK 
SO 
SI 500 

1000 

300 
SI 150 

500 
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Max 


100 


300 


600 
250 


Unit 
teyc 


tscyc 


Test Condition 


HMCS408C/AC 
HMCS408CL 


HMCS408C 


HMCS408CL 
HMCS408AC 
HMCS408C 
HMCS408CL 
HMCS408AC 
HMCS408C/AC 


- HMCS408CL 
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Note 


1.2 





AT Transfer Clock Input 


item 


Transfer Clock Cycle Time 


Transfer Clock High, 
Low Level Width 


Transfer Clock Rise, Fall Time 


Serial Output Data Delay Time 


Serial Input Data Set-up Time 


Serial Input Data Hold Time 


Notes: 1. See figure 28. 
2. See figure 29. 


Symbol 


tScyc 


tSCKH 
tSCKL 


tsckr 
tscKf 


tpso 


tssi 


tHsI 


HMCS408C /HMCS408CL/HMCS408AC 


Pin Min Typ Max 
SCK 1 
SCK 0.5 
SCK 100 
300 
SO 300 
600 
250 
S| 500 
1000 
300 
SI 150 
500 
@ HITACHI 


Unit 


tscyc 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


Test Condition 


HMCS408C/AC 
HMCS408CL 
HMCS408C 
HMCS408CL 
HMCS408AC 
HMCS408C 
HMCS408CL 
HMCS408AC 


HMCS408C/AC 


HMCS408CL 
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HMCS408C/HMCS408CL/HMCS408AC 


HMCS408C/AC 


HMCS408CL 





Figure 25. Oscillator Timing 


tion, tix tioL, tiie 





Figure 26. Interrupt Timing 


FT 





Figure 27. Reset Timing 
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HMCS408C/HMCS408CL/HMCS408AC 





SCK Vee 2.-0V (0. 8V cc) * 
0.8V (0.2V¢c) * 


* Vec—2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8Vcc and 0.2Vcc are the threshold voltage for transfer clock input. 





Figure 28. Timing Diagram of Serial Interface 


Vec 


R,=2.6kQ 


1$2074@ 


or Equiv. 





Figure 29. Timing Load Circuit 
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HMCS408C/HMCS408CL/HMCS408AC 


) 


1/0 Option 1/O Option 
Input/Output pears Input/Output ES 





(RR RRS RIS RS ASG. VQ Q\Quww 
MDM WG GQ<QGQppggGQ QW GG J J Gh ]),h,_h JG Gn) ]WN_ 7 
o tT LWW WW 
hase tae ee aaa Aa eee SASS ee N\ 
Be Me ea NN 


Sm a OE, nc a er ) 
Ss =] >) Ss 3 2 p>} > 2 S =] s 
a a a a a. a Q Q a Qa Q a 
5 a, A, = ~~ 2 7 
P] po p>} P| =) — =) Ss _ =) p>) P=) 
O1o0;o; or oa; oal;raltlo;}oaro;o!;o 
S aS ~ S aS S aS ~S aS aS ~S aN 
Ss A, 
oo Ss po] > S =] = S 3 p=] 2 > 
Qa a a a a a Qa Qa a a Q Qa 
ZEILEL/ELESE;S ELSE; E/E; E;E/E& 


SUlg Psepues 


gldieid|ég/gl2i2idiei 2] sigi die lelsisiels 
Pe a se 
WW 
ANA) 


not available. 


LLL AA 
as RA, Nas isp 


Note (!/O options masked by @ are 


Output 
Output 
Output 


Output 
Output 
Output 


LS! Type Number 
(Hitachi's entry) 


® 
€ 
@ 
Zz 
3 
fo) 
O 
= 
o 
Cc 


Date of Order 
Customer 





R; \A/ith Pulloun MANS 


inl 
ae) 





D; Without Pull-down MOS (PMOS Open Drain) —_E; With Pull-down MOS 


g/g|g rs: TET WY GG Gq gy EX IY yc 
aR: e5 CCC CK CCC CK 
2), ee8 FELT NASA ASA 
HY eleelias HE [* [aTelalalelelelalelelelelelelalel (2S) eleel2 
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HMCS408C/HMCS408CL/HMCS408AC 


(2) RA1/Vdisp 





[] RA: Without Pull-down MOS (D) 


* Please enter check marks (MH, X, \/) in applicable 
item. 


(3) Package 


_} DP-64S (shrink package) 


* Please enter check marks (Mf, X, \/) in applicable 
item. 



















Note) RAj1/Vdisp has to be selected as Vgigp pin exept the case that all high pins are option D. 


(4) Divider (DIV) 












Products 


- HMCS408C | HMCS408CL | HMCS408AC 
divider 





Check List of Application 


(A) Oscillator (CPG option) 






[] HMCS408C L] HMCS408CL L] HMCS408AC 

(5V Operation) (3V Operation) (High Speed Operation) 
CPG 
option 


(-] Crystal L] Crystal L| Crystal 
[] External Clock [|] External Clock [.] External Clock 


(5) ROM Code Media 


ROM Code Media 
[_] EPROM: Emulator Type 


— 


LJ EPROM: EPROM On-Package Microcom- 








puter Type 













* Please enter check marks (MM, X, \/) in applicable item. 
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Description Ordering Information 
The HD4074008 is a ZTAT microcomputer in- Part No. Clock Freq. (MHz) Package 
corporating 8 kwords of programmable ROM ae a ae ae a gt 
and 512 digits of RAM. It isa CMOS 4-bit single- HD4074008S 8 DP-64S 
chip HMCS400-series microcomputer provid- HD4074008C DC-64S 
ing the high programming productivity, high- aie ae eee REvEra aN —_—— 
eoaed Scere, and low power dissipation. HD4074008F FP-64 
HD4074008H FP-64A 

Features 
@® 8,192 words xX 10 bits programmable ROM 

(Programming spec is compatible with 

the 27256 type) 
@ 512 digits x 4 bits RAM 
@ 581/O lines including 12 high current pins 

(15-mA), I/O pin circuit type; open drain 
@® Two on-chip timer/counters 
@ Clock synchronous 8-bit serial interface 
@ Five interrupt sources 

—External 2 

—Internal 3 
@ Subroutine stack: Up to 16 levels includ- 

ing interrupts 
@ Two low power dissipation mode 

—Standby mode 

—Stop mode 
@® On-chip oscillator: Crystal or ceramic fil- 

ter (Externally drivable) 
@® Minimum instruction cycle time 0.89 us 
@ Operation modes 

—MCU mode 

—PROM mode 
@ Package 

—64-pin shrink type plastic DIP 

—64-pin shrink type ceramic DIP with 

window 

—64-pin flat plastic package 
Program Development Support Tools 
@® Cross assembler and simulator software for 

use with IBM PCs and compatibles 

In circuit emulator for use with IBM PC 
@® Programming socket adapter for program- 

ming the EPROM-on-chip device 
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Pin Arrangement 





R32/INTo 
R33/INT, 
R5o 
R5, 
R52 
R53 
R65 
R6, 
R6, 













Vec 






8) 
—_ 
w 
ON OO A WHR = 





~ © HD O NO FT wo OM DO DH - N 
- -— — N NNN NN NN SN om mo 
WU UU UU 
WMOMSOOOBIXHOGRKNK 
meeeerre >> -Yoeorore 
Sat 
+ 
a 
(FP-64A) 
(Top View) 
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0&2 


0088-685 (SL) © GL8L-SO0PE VO ‘eUeqsig © AMydq UlOd PLUBIS O00 © BZRid 1YRIH © ‘Py] POJeWy 1yde}IH 


IHOVLIH © 





PROM Mode MCU Mode 


' 


Vep 


; 


RA, 
RAo 


R93 
R92 
R9, 
RQo 


R83 
R82 
R8, 
R8o 


R73 
R72 
R7; 
R7o 


R63 
R62 
R6; 
R60 


R53 
R52 
R5, 
R5o 


| 


R7 


: 2 5 anit 


R43R42/R41/R40/R33/R32/R31R30 R23R22R2, R25 R13R12R1 iR1o RO3RO2RO,ROo Dis Di4D13D12 D::D190 Dg Dg D7 Oe6 Ds Du D3 D2 D; Do <MCU Mode 
SO SI SCK INT: INTo 





0; O6 Os O4 Ai4Ai3 A12A11A10Ao  =As A7 Ae As Aa Az Az Ay 





R40/R4,/R42/ R33/ R32/ 
SCK SI SO INT,  INTo 


RESET TEST OSC, OSC2 Vec GND 
Serial | Timer Timer External 
inter- 
face Interrupt 


System Control | 
fInteruptContih fInteruptContih 


8192 X ‘Obit 
Instruction 
RAM 512 X4bit Decoder 


7 ae a 





PROM 





O3 0201 Oo «PROM Mode 






weipevig Ho0Ig 


8007L070CH 
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Pin Description 
































Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode 
DC-64S, pe-e4S, . ©. 
DP-64S FP-64 FP-64A Symbol 1/0 Symbol 1/0 DP-64S FP-64 FP-64A Symbol 1/0 Symbol 1/0 
1 59 «57 Diy /O Vcc 33 27. ~=—-25 R49/SCK 1/0 Og 1/O 
2 60 58 Dio VO 34 28 26 ~°+#R4,/SI I/O Os 1/0 
3. 61 59 #4D3 xo 35. 29 27 + R42/SO 1/0 Os 1/0 
4 62 60 Dw I/O 36 30 28 °&4R43 (I/O OF 1/0 
5 63 61 Dis 1/O 37 31 29 R70 O CE | 
6 64 62 RO O A | 38 32 30 #R7%, +O OE 1 
a 1 63 RO, O AQ | 39 33 «31 R77. O oo 
8 2 64 RO O Aj _ 40 34 32 #4R73 +O ; 
9 3 1 RO; O Ag | At 35 33  R8& O 
10 «4 2 Rio ~—«W/O As | 42 36 34 °&429R8, OO 
11 5 3 R1, W/O Ag | 43 37 35 R8. O a 
12 6 4 R12 «W/O Ay | 44 38 36 #4R83. O 
13. «7 5 R13. I/O Ag | 45 39 37  R9 | Vpp 
14. «8 6 R20 WOAd | 46 40 38 °#4.R9 |. Ag | 
15 9 7 R21. W/O Ato _ 47 41 39 R99 | Mo | 
16 10 8 R2.. W/O Ant | 48 42 40 R93. | M a 
17 11 9 R2; W/O Ai | 49 43. 41 RESET | RESET | 
18 1:3 10 RAo | 50 44 42 TEST | TEST | 
19 13 11 RA, 51 45 43 OSC, | 2 
20. 14 12 R30 /O Ai3 l 52 46 44 OSC2 O 
21 15 13 R38, VO Aw | s3. O47 45 CO GNDTCCGND 
22. 16 14 ~~ R3/INTo 1/0 ee Or O_O. MO Oo. 0 
23. «17. «+15 +~R33/INT; 1/0 pe 8 ar VO NOS. 
24 #18 +16 °&4¥R5o I/O S60 48 Oe VO Oe VO 
25. 19 17 +S, 1/0 svt 9s VO VO 
56 0 BREE 58 52 50° Das 1/0 
27. «-21'+~«2«19°~S*S«&RSKSDS~C*é«dUW/OD sg STs /0 _ 
oa 55 56 RESO 60 54 52 De 1/0 
aa: mee so 61 55 53 Dy 1/0 
so ok Os es = 62 56 54 °&Ds 1/0 
a 25. 23°°~URR6; SCO ce ee 63 57 55 Dag 1/0 
32 26 2A Wee Wie 64 58 56 Dio 1/O Vee 
(Note) 1/0: Input/Output Pins 

1: Input Pins 

O : Output Pins 
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Pin Function 
GND, Vcc (Power) 


GND and Vcc are the power supply pins for 
the MCU. Connect GND to the ground (0 V) 
and apply the Vcc power supply voltage to 
the Vcc pin. 


TEST (Test) 


TEST is for test purposes only. Connect it to 
Vcc. 


RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC:, OSC2 (Oscillator Connections) 


OSC; and OSC? are the connected pins for the 
internal oscillator circuit. They can be con- 
nected to a crystal resonator, ceramic filter 
resonator, or external oscillator circuits. 


Do-D:s (D Port) 


The D port is an input/output port addressed 
by one bit. These 16 pins are all input Do to D3 
are standard and D, to Dis are large current 
standard pins. The circuit type for each pin 
can be selected using a mask option. For 
details, see Input/Output section. 


RO-RA (R Port) 


RO-R9 are 4-bit I/O ports. RA is a 2-bit I/O 
port. RO, R6, R7, and R8 are output ports, RY 
and RA are input ports, and R1 to R5 are I/O 
ports. All pins of port RO-RA are standard 
pins. The circuit type of Da-Dis and RO-R2 is 
PMOS open drain, and that of Do-D3 and R3- 
R8 is NMOS open drain. R32, R33 and R40, R41, 
R42 are multiplexed with INTo, INT:, SCK, SI, 
and SO respectively. The RA; pin should be 
used as RA; since it is PMOS open drain (MOS 
without pull-down). For details, see Inpnut/ 
Output section 











INTo, INT: (Interrupts) 


INTo and INT; are external interrupts for the 
MCU. INT: can be used as an external event 
input pin for timer B. INTp and INT) are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 


SCK, SI, SO (Serial Interface) 


sn Pw 


input pin (SI), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R40, R41, and R42 
respectively. For details, see Serial Interface 
section. 

Ver (Program Voltage) 


Vpp is the input for the program voltage (12.5 
V+0.3 V) for programming the PROM. 


CE (Chip Enable) 


CE is the input for programming and verify- 
ing internal PROM. 


OE (Output Enable) 


OE is the input of data output control signal 
for verify. 


Ao-Aua (Address Bus) 


Ao-A14 are address input pins for internal 
PROM. 


Oo-O7 (PROM Data Bus) 

These are data bus for internal PROM. 

Mo, M: (Mode) 

Mo and Mi, set PROM mode. PROM mode is 


set when Mo, Mi, and TEST pins are low level 
and RESET pin high level. 
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Functional Description 
ROM Memory Map 


The MCU includes 8,192 words x 10 bits of 
PROM. It is described in the following para- 
graphs and the PROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


Vector Address 


Zero-Page Subroutine 
(64 Words) 


Pattern 
(4096 Words) 


Program 
(8192 Words) 





HD4074008 


Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $0FFF are reserved for PROM 
data. P instructions can refer to the PROM 
data as a pattern. 


Program Area ($0000 to $1FFF): Locations 
from $0000 to $1FFF can be used for program 
code. 


JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) 
JMPL Instruction 
(Jump to TIMER A Routine) 
JMPL Instruction 


Figure 1. PROM Memory Map 
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RAM Memory Map 


The MCU includes 512 digits of 4-bit RAM as 
‘the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 


Interrupt Control Bit Area (S000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 


any Whey a RAM hit maninilatian inetructian 
Wi te y Cl J ~~ he hte eee wt ee ae ee ae Pe eA lie tate Ot ie ee le he Ua ee a ee ae 


‘@] 
RAM-mapped Registers 
31 
32 
Memory Registers(MR) 
si nr os ee ee, Be ee 
48 


(448 Digits) 


479 $ 1DF 
480 $1E0O 
Not Used 


959] $ 3BF 
960 $ 3C0O 


Stack 
(64 Digits) 





$ 3FF 





However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter- 
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 


. 5 
INCFHTIIMFEIANS 
BLE UA AY ULL 


Interrupt Control Bits 


Port Mode Reg. (PMR) ' W [$004 


5| Serial Mode Reg. (SMR) + W }$ 005 
6] Serial Data Reg. Lower (SRL) 'R/wWi$¢ 006 


7] Serial Data Reg. Upper (SRU) ‘R/WI$ 007 


8| Timer Mode Reg. A (TMA) | W 1$ 008 
9] Timer Mode Reg. B (TMB)! W 1$ 009 


t 
eae (TCBL /TLRL) |R/W]$ 00A 
| (TCBU/TLRU)!R/WI $ 00B 
$ OOC 


Not Used 


$ O1F 


* Two registers are mapped on same address. 






Timer/Event Counter B Lower’ 





Timer Load Reg. 










A 
R: Read Only 10 (TCBL) (TLRL $00 
W: Write Only 

Timer/Eveni Counier B Upper: i oT 
R/W: Read/Write 11 (TCBU) : R 








Figure 2. RAM Memory Map 
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Data Area ($020 to S1DF): 16 digits of $020 
through $02F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 


Stack Area ($3CO to S3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST), and carry (CA) when su- 


HD4074008 


broutine calls (CAL instruction, CALL 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 


IMO IFO RSP (/E 
(IM of INTo) 


(IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 


IMTA IFTA IM1 IF 1 
(IM of TIMER A) (IF of TIMER A) (IM of INT}) (IF of INT) 


IMTB IFTB 
(IM of TIMER B) (IF of TIMER B) 





IMS IFS 


Not Used 
(IM of SERIAL) (IF of SERIAL) 


Not Used 


Interrupt Request Flag 

Interrupt Mask 

Interrupt Enable Flag 

Stack Pointer 

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 

The contents of status becomes invalid when a “Not Used” bit is tested. 





Figure 3. Configuration of Interrupt Control Bit Area 


Memory Registers Stack Area 


Level 16 {$3CO 


Level 15 
Level 14 


Level 13 
Level 12 
Level 11 


bit 2 -bit 1 


PC,3 to PCo: Program Counter 
ST: Status 
CA: Carry 


Note: As the HD4074008 is an 8k PROM version, 
PC 13 Is not used. 


MRO 


Ma 


MTS 
MR(14) Level 2 
Level 1 


Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 


The MCU has nine registers and two flags for 
the CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results 
from the arithmetic logic unit (ALU), and 
transfer data to/from memories, I/O, and 
other registers. 


W Register (W), X Register (X), Y Regis- 


tar (Y): The 2 2. bit Y Wy reaister ana tha A_hit VW 


teh \ = SEN Uw hy UEAANKA VAS KE VEY SD 


and Y registers indirectly address RAM. The Y 
register is also used for D port addressing. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist X and Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 





Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value for 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack. It is 
restored back from the stack by a RTNI 


Inetriwtian Wait nat by a RITN inetriuvtian 
4440 US AY VawWaidy aA LAUY £2470 A AED SY Bb UE C4 VEE 


Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trols the sequence in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point to the address of the next stack 
area (up to 16 levels). 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in- 


cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 


Accumulator 
B Register 
W Register 
X Register 

Y Register 
SPX Register 
SPY Register 
Carry 


Status 


Program 
Counter 


Stack 
Pointer 


Figure 5. Registers and Flags 
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deep because the high four bits of the stack 
pointer are fixed at 1111. 


The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit, reset by a 
REM/REMD instruction. 


Interrupt 


Five interrupt sources are available on the 
MCU: external requests (INTo, INT:), timer/ 
counter (timer A, timer B), and serial port 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM), and interrupt 
vector addresses control and maintain the 
interrupt request. The interrupt enable flag 
(IE) also controls interrupt operations. 


HD4074008 


Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessable by RAM bit 
Manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared 0, and the interrupt mask (IM) is set to 
1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 





38 
° 


$003.1 he 3) 
aa 





| Sequence Control 


- Push PC CA’ST 
- Reset I/E 


- Jump to Vector 
Address 


Vector 
Address 


Priority Control PLA 


Figure 6. Interrupt Control Circuit Block Diagram 
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An interrupt request is generated when the 
IF is set to 1 and IM is O. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
SOUICesS. 


Figure 7 shows the interrupt service 


Table 1. Vector Addresses and Inter- 


rupt Priority 


Reset, Interrupt Priority Vector addresses 





RESET a $0000 

iNTo - 1 $0002 —_ 

INT, 2 $0004 

Timer A 3 $0006 

Timer B 4 $0008 
5 $000C 


SERIAL 


Table 2. Conditions of Interrupt Service 


INT; TimerA 


\ 


sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 





rR A i 


Interrupt Control Bit INTo 
I/E 1 
IFO-IMO 1 
IF1-IM1 x 
IFTA:IMTA ae 
IFTB-IMTB * 
IFS-IMS * 


Table 3. Interrupt Enable Flag 


Interrupt Enable Flag Interrupt Enable/Disable 


TimerB SERIAL 
1 1 1 
O 0 ) 
O 0 @) i 
1 O O 
* 1 O a 
* * 1 —_ 


* Don’t care 
Table 5. External Interrupt Mask 


External Interrupt Masks Interrupt Requests 


0 Disable 0 Enable 

1 Enable 1 Disable (masks) 
Table 4. External Interrupt Request 

Flag 

External Interrupt Request Flags Interrupt Requests 

0 No 

1 Yes 
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address. 


In each vector address, program JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INT1): The 
external interrupt request inputs (INTo, INT) 
can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 





Table & Port Mode Register 
PMR3 R33/INT; Pin 
0 Used as R33 port input/output pin 
1 Used as INT; input pin 
PMR2 R32/INTo Pin 
O Used as R32 port input/output pin 
1 Used as INTo input pin 


Instruction 
Cycles 


Instruction 
execution 


HD4074008 


causes R33/INT: pin and R32/INTo pin to be 
used as INT; pin and INTo pin respectively. 


' The external interrupt request flags (IFO, IF1) 


are set at the falling edge of INTo and INT; 
inputs. (Refer to table 4.) 


The INT, input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT: input. When 
using INT; as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT, will not be 
accepted. (Refer to table 5.) 


External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT: inputs 





PMR1 R4,/S! Pin 

0 Used as R4, port input/output pin 

1 Used as Sl input pin 

PMRO R42/SO Pin 

0 Used as R42 port input/output pin 

1 _ Used as SO output pin _ 


interrupt 
accepted 


Stacking, 
Reset of I/E 





Figure 7. 


Stacking, 
Vector address 
is generated 


JMPL instruction execution on the 
vector address 


Instruction 
execution at 
Starting address 
of the interrupt 


routine 


Interrupt Servicing Sequence 
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interrupi Yes 
Request 
? 


(A) 


Reset ; Execute 
MCU Instruction 


PC—(PC)+1 







1/E-— O 


Stack«(PC) 
Stack<(CA) 
Stack<(ST) 








PC--$ 0002 
PC<~-$ 0004 


PC--$ 0006 


PC-—$ 0008 






TIMER A 
Interrupt 





PC<--$ 000C 
(SERIAL Interrupt) 


Figure 8. Interrupt Servicing Flowchart 
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respectively. 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/INT»o pin, R33/INT: pin, 
R4;/SI pin, and R42/SO pin as shown in table 
6. The port mode register will be initialized to 
$0 by MCU reset. These pins are therefore 
initially used as ports. 


Serial Interface 


The serial interface is used to transmit/ 
receive 8-bit data serially. It consists of the 
serial data register, the serial mode register, 
the octal counter, and the multiplexer as 
illustrated in figure 9. Pin R4o0/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
seriai data register can bs Witten into oF 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 





STS instruction is used to initiate serial inter- 
face operations and to reset the octal counter 
to $0. The counter starts to count at the fall- 
ing edge of the transfer clock (SCK) signal 
and increments by one at the rising edge of 
SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter- 
rupt request flag will be set. 


Serial Mode Register (SMR: $005): The 4- 
bit write-only serial mode register controls 
the R40/SCK, prescaler divide ratio, and 
transfer clock source as shown in table 7. 


The write signal to the serial mode register 
controls the operating state of the serial 
interface. 


The write signal to the serial mode register 
stops the serial data register and octal 
counter from accepting transfer clock, and it 
also resets the octal counter to $0 simultane- 
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
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the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 


Contents of the serial mode register will be 
changed on the second instruction cycle after 
the serial mode register has been written to. 
Therefore, it will be necessary to execute the 
STS instruction after the data in the serial 
mode register has been changed completely. 
The serial mode register will be reset to $0 by 
MCU reset. 


Serial Data Register (SRL: $006, SRU: 
$007): The 8-bit read/write serial data regis- 
ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 


The data in the serial data register will be 
output from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data will be input from the SI pin to 
ine seriai data register, MS# first, 
synchronously with the rising edge of the 
transfer clock. Figure 10 shows the I/O timing 
chart for the transfer clock signal and the 
data. 


The read/write operations of the serial data 
register should be performed after the com- 
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 


Serial Interrupt Request Flag (IFS: $003 
bit 0): The serial interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8. 


Serial Interrupt Mask (IMS : $003 bit 1): 
The serial interrupt masks the interrupt 
request. Refer to table 9. 


Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 


Initialize the serial interface by a write signal 
to the serial mode register, when the opera- 
tion mode is changed. 
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Table 7. Serial Mode Register 


SMR3 R4o/SCK 
0 | Used as R40 port input/output pin 
1 Used as SCK input/output pin 
Transfer Clock 
= Prescaler System Clock 
SMR 2 SMR 1 SMR 0 R40/SCK Port Clock Source Divide Ratio Divide Ratio 
0 0 0 SCK Output Prescaler + 2048 + 4096 
0 0 1 SCK Output Prescaler + 512 + 1024 
0 1 0 SCK Output Prescaler + 128 + 256 
0 1 1 SCK Output Prescaler + 32 + 64 
1 O 6) SCK Output Prescaler + 8 + 16 
1 O 1 SCK Output Prescaler + 2 + 4 
4 1 8) SCK Output System Clock = + 1 


SCK Input External Clock = ms 


—_ 
—_ 
—_ 


System "5 S au 


Clock Counter 


Interrupt 


Ola Request Flag 
- of Serial Inter- 
deck a oe face 
Internal Bus Line (S1) 
Serial MPX re MPX 
4 
SR (8 bit) 
Serial Data Register 
4 


Internal Bus line (S2) hes cl 





Figure 9. Serial Interface Block Diagram 
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Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 


The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by changing the operation 
mode through a change in the data in the 
port mode register, or by writing data into 
the serial mode register. In this state, the 
serial interface does not operate even if the 
transfer clock is applied. If an STS instruction 
is executed, the serial interface shifts to SCK 
waiting state. 


In this state the falling edge of the first trans- 


Table 8. Serial Interrupt Request Flaq 
Serial Interrupt Request Flag Interrupt Request 


O No 


1 Yes 


Table 9. Serial Interrupt Mask 
Serial Interrupt Mask Interrupt Request 


O Enable 


1 Disable (mask) 


HD4074008 


fer clock causes the serial interface shift to 
transfer state. While the octal counter counts- 
up and the serial data register shifts simul- 
taneously. As an exception, if the clock con- 
tinuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. 


The octal counter becomes 000 again after 8 
transfer clocks or by execution of an STS 
instruction, so that serial interface returns to 
SCK waiting state, and the serial interrupt 
request flag is set simultaneously. 


When the internal transfer clock is selected, 
the transfer clock output triggered by the 
execution of an STS instruction, and it stops 
after 8 clocks. 


Table 10. Serial Interface Oneration 
Mode 


SMR3 PMR1 PMR2 _ Serial Interface Operating Mode 


1 O 0 Clock Continuous Output Mode 
1 O 1 Transmit Mode 
1 1 O Receive Mode 


Transmit/Receive Mode 


Transfer Clock PLP LLL LPL 


Serial Output Data 


1 2 3 4 5 6 7 
! ! ! ! ! ! ! ' 
i A | i i i i \ 


8 


Serial Input Data 
Latch Timing 


Figure 10. Serial Interface I/O Timing Chart 





© HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


243 





HD4074008 


Example of Transfer Clock Errors 
Detection: The serial interface functions 
abnormally when the transfer clock is dis- 
turbed by external noises. In this case, trans- 
fer clock error can be detected by the proce- 
dure shown in figure 12. 


If more than 8 transfer clocks occur in the 


* Change PMR_ means the change of 
operation mode as below: 


Clock * Transmit Mode 
Continuous * Receive Mode 
Output Mode 


Transfer Clock Disable 


- Transmit/Receive ice Counter =O00 


SCK waiting state, the state of the serial 
interface shifts as follows: first, transfer 
state, second, SCK waiting state and third, 
transfer state again. The serial interrupt flag 
should be reset before entering into the STS 
state by writing data to SMR. This procudure 
causes the serial IRF to be set again. 


STS Waiting State 


Change PMR* 


Transfer Clock 


SCK Waiting State 
(Octal Counter =000) 


8 Transfer Clocks, 
STS Instruction 


Transfer State 


(Octal Counter + 000) 


(IFS<—1) 





Figure 11. Serial Interface Operation State 


Transmit/Receive 
(IFS<-1) 


Interrupt 
Disable 


Write to 
SMR 


No 


Normal End 





Transfer Clock 
Error Processing 


Figure 12. Example of Transfer Clock Error Detection 
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Timer 


The MCU contains a prescaler and two timer/ 
counters: (timer A, timer B). A block diagram 
is shown in figure 13. The prescaler is an 11-bit 
binary counter, timer A an 8-bit free-running 
timer/counter, and timer B an 8-bit auto-re- 
load timer/event counter. 


Prescaler: The input to the prescaler is the 
system clock signal. The prescaler is initial- 
ized to $0000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer A, timer B, and the serial inter- 
face. The prescaler divide ratio is selected by 
the timer mode register A (TMA), timer mode 
register B (TMB), serial mode register (SMR). 


Timer A Operation: After timer A is initial- 
ized to $00 by MCU reset. it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A becomes $FF, it 
will generate an overflow and become $00. 
This overflow causes the timer A interrupt 
request flag (IFTA: $001 bit 2) to go to 1. This 


Timer Mode Register B 


TMB(4bit) 
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timer can function as an interval timer 


' periodically generating overflow output at 


every 256th clock signal input. 


The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio of timer B. When the exter- 
nal event input is used as an input clock 
signal to timer B, select R33/INT: as INT; and 
set the external interrupt mask (IM1) to pre- 
vent an external interrupt request from oc- 
curring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF. it will generate 
an overflow output. In this case, if the auto- 
reload function is selected timer B is initial- 
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IF TB: 


Internal Bus Line (S1) 


TL(4bit) 


Timer Latch 
Reg. 


INT, 
i TCB(Bbit) 
(D>) Timer B MPX Timer/Event Counter B 


TLA(S8bit) 
Timer Load Register 


Interrupt 
Request Flag 
of Timer B 


Prescaler (1 1bit) 


internal Bus Line (S2) 
- 


TCA(Bbit) TAOF IETA 
Timer Counter A 


Interrupt 
Request Flag 
of Timer A 


System 
Clock 


Timer A MPX 


TMA(3bit) 


Timer Mode Register A 





Figure 13. Timer/counter Block Diagram 
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$002 bit 0) will be set at this overflow output. 


Timer Mode Register A (TMA: $008): The 
timer mode register A is a 3-bit write-only 
register. The TMA controls the prescaler 
divide ratio of timer A clock input, as shown 
in table 11. The timer mode register A is 
initialized to $0 by MCU reset. 


Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write- 
only register which selection the auto-reload 
function, the prescaier divide ratio, and the 
source of the clock input signal, as shown in 
table 12. The timer mode register B is initial- 
ized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 


PMR:$ 004 


TMB are changed. Configuration and function 
of timer mode register B is shown in figure 14. 


Timer B (TCBL: SO0A, TCBU: SOOB, TLRL: 
SO0A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $OOB, 
TLRU: $O0B). (Refer to figure 2.) 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 


SMR:$ 005 


Transfer clock selection 
R4./SCK pin mode selection 


R4,/SO pin mode selection 


snl 
tone 


R4,/SI pin mode selection 


R3.2/INTo pin mode selection 


R33/INT; pin mode selection 


TMB:$ 009 


TMB3ITMB2ITMB1ITMBO 
ae Timer B input clock selection 
Auto-reload function selection 


Timer A input clock selection 





ee ee 


Fiure 14. Mode Register Configuration and Function 
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the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 


Timer A Interrupt Request Flag (IFTA: 
$001 bit 2): The timer A interrupt request 


flag is set by the overflow output of timer A 
(table 13). 


Table 11. Timer Mode Register A 


TMA2 TMA1 TMAO Prescaler Divide Ratio 





) 0 0 + 2048 

0 0 1 + 1024 

6) 1 0 e- 512 

0 1 1 - 4 28 

1 0 ) = 32 

1 6) 1 = 8 

1 1 0 + 4 

1 1 1 = 2 

Table 12. Timer Mode Register B 

TMB3 Auto-reload Function 
0) No 

1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 
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Timer A Interrupt Mask (IMTA: $001 
bit 3): The timer A interrupt mask prevents 
an interrupt request from being generated by 
the timer A interrupt request flag (table 14). 


Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 15). 


Table 13. Timer A Interrupt Request 
Flag 


Timer A Interrupt 
Request Flag Interrupt Request 
0 No 


1 Yes 


Table 14. Timer A Interrupt Mask 


Timer A Interrupt Mask = Interrupt Request 
O Enable 


1 Disable (Mask) 


Table 15. Timer B Interrupt Request 
Flag 


Timer B Interrupt 


Request Flag Interrupt Request 


O No 


1 Yes 


Table 16. Timer B Interrupt Mask 


Timer B Interrupt Mask Interrupt Request 


O O 0) + 2048 

0 Enable 
O O 1 + 512 

1 Disable (Mask) 
0 1 O + 128 
0 1 1 a 32 
1 0) @) + 8 
1 0 1 + 4 
1 1 0 + 2 
1 1 1 INT, (External Event Input) 
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Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 16). 


Input/Output 


The MCU has 58 I/O pins including 12 high 
current standard pins (15 mA). If I/O pin is 
used as input pin, output data should be in 
the state shown in table 18. 


D Port: The D port is an I/O port which has 16 
discrete I/O pins, each of which can be ad- 
dressed independently. It can be set/reset 
through SED/RED and SEDD/REDD instruc- 
tions, and can be tested through TD and TDD 
instructions. See table 17 for I/O pin circuit 
types. 


R Ports: The eleven R ports in the 
HD4074008 are composed of 20 I/O pins, 16 
output-only pins, and 6 input-only pins. Data 
is input through LAR and LBR instructions 
and output through LRA and LRB instruc- 


Table 17. 


I/O Pin Circuit Types 
MOS Without Pull-Up 
NMOS Open Drain 


Input data 
1/0 
Pins 
ee data 





tions. The MCU will not be affected by writ- 
ing into the input-only and/or non-existing 
ports, while invalid data will be read by read- 
ing from the a only and/or non-existing 
ports. 


The R32, R33, R40, R41 and R42 pins are multi- 
plexed with the INTo, INT:, SCK, SI and SO 
pins respectively. See table 17 for I/O pin 
circuit types. 





How to Deal with Unused I/O Pins: If the 

I/O pins not used in the user system are in 
floating state, the LSI may malfunction 
because of noise. Electric potential of the I/O 
pins should be fixed as follows to prevent the 


malfunction. 


For PMOS open drain output pins, connect 
the pin to the Vcc on the printed circuit of the 
user system. 


For NMOS open drain output pins, connect 
the pin to GND on the printed circuit of the 
user system. Input pins should be connected 


MOS Without Pull-Up 
NMOS Open Drain 


SCK 


Vv, St nts 8 Ae eS, pana 
id HLT + Mode select SCK(Note 2) 


Output 
{mode 
Internal SCK 


— LT 
HLT R60—R63 
Sa : a R7o—R73 oa, ) | sO 
ins Output data R80—R83 all 









Standard Pins (1) 





SCK(Note 2) 
Input 
mode 


OSD input data 


a Input data 
HLT 


Notes : 1. In stop mode HLT is O and HLT is 1. Then I/O Pin is in high-impedance state. 
2. In serial interface interrupt, SCK pin is input pin if external clock input mode is selected. 
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to Vcc on the printed circuit of the user sys- Reset 
tem. 

Bringing the RESET pin high resets the MCU. 
R40/SCK and R42/SO should be set to R49 and At power-on, or when cancelling stop mode, 
R42 by serial mode register and port mode the reset must satisfy trc for the oscillator to 
register, respectively. stabilize. In all other cases, at least two 


instructions cycles are required for the MCU 


to be reset. 


Table 19 shows the parts to be initialized by 
MCU reset, and the status of each. 


MOS Without Pull-Down | Pins | 
PMOS Open Drain 






Input data 















HLT 
Output data 


Standard Pins (II) 





Input data RAo, RA; 


Note: In stop mode, HLT is O. Then I/O pins are in high-impedance state. 


Table 18. Data Input from Input/Output Common Pins 


1/O Pin Circuit Type Input Possible 
Standard Pins (| } CMOS No 


MOS without pull-up 


Yes 


(NMOS open drain) 
MOS without pull-down 
Standard Pins (I) Yes 
(PMOS open drain) 
© HITACHI 
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Table 19. Initial Value at MCU Reset 
Initial Value at 
items MCU Reset Contents 
Program Counter (PC) $0000 Execute program from the top of ROM 
address 
Status (ST) 1 Enable to branch with conditional branch 
instructions 
Stack Pointer (SP) S3FF Stack level is O 
1/0 Pin Standard Pin NMOS Open Drain 1 Enable input 
Output Register ca) MOS Without 
Pull-Up 
Standard Pin PMOS Open Drain QO Enable input 
Cu) MOS Without 
Pull-Down 
Interrupt Flag Interrupt Enable Flag (1/E) O Inhibit all interrupts 
Interrupt Request Flag (IF) 0 No interrupt request 
Interrupt Mask (IM) 1 Mask interrupt request 
Mode Register Port Mode Register (PMR) 0000 See port mode register. 


Serial Mode Register (SMR) 
Timer Mode Register A (TMA) 
Timer Mode Register B (TMB) 


Timer/Counter, Prescaler 


Serial interface Timer/Counter A (TCA) 
Timer/Event Counter B (TCB) 


Timer Load Register (TLR) 


Octal Counter 


0000 
000 
0000 
$000 
$00 
$00 
$00 
000 


Note: MCU reset affects the rest of registers as follows: 


item 

Carry 

Accumulator 

B Register 

W Register 

X/SPX Registers 
Y/SPY Registers | 
Serial Data Register 


RAM 


290 


(CA) 
(A) 

(B) 

(W) 
(X/SPX) 
(Y/SPY) 
(SR) 


After recovering from STOP 
mode by MCU reset 


The contents of the items before 
MCU reset are not retained. 

it is necessary to initialize them by 
software again. 


The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 
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See serial mode register. 
See timer mode register A. 


See timer mode register B. 


After MCU reset except for 
the left condition 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software again. 


Same as above 
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Internal Oscillator Circuit lator can be selected as the oscillator type. 

Refer to table 20 to select the type. In addi- 
Figure 15 outlines the internal oscillator cir- tion, see figure 16 for layout of the crystal or 
cuit. Crystal oscillator or ceramic filter oscil- ceramic filter. 


Oscillator 


Divider Timing 


circuit generator 
1/8 circuit 





Figure 15. Internal Oscillator Circuit 





Figure 16. Layout of Crystal and Ceramic Filter 
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Table 20. Examples of Oscillator Circuits 


External Clock Oscillator 
Operation 
OSC) 


Open—{OSC2 


Ceramic Filter Ceramic filter 
Oscillator . CSA8.OOMT 
piles (Murata) 
Re: 1 MQ + 20% 
C,: 30 pF + 20% 
C2: 30 pF + 20% 


Crystal Oscillator Re: 1 MQ + 20% 
C;: 10-22 pF + 20% 
C2: 10-22 pF + 20% 
Crystal: equivalent to circuit shown 
resonance crystal Co: 7 pF max. 
osc tee pose Rs: 100 O max. 
f: 1.0-9 MHz 


Co 


AT cut paratiel 





Notes : 1. Since the circuit constant changes according to the crystal and ceramic filter resonator and 
stray capacitance of the board, please consult with the engineers of crystal or ceramic filter 
maker to determine the circuit parameter. 

2. Wiring among OSC;, OSCz2, and elements should be as short as possible, and never cross 
other wiring. Refer to figure 16. 
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Operating Modes 
Low Power Dissipation Mode 


The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
21). Figure 17 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 
tion puts the MCU into standby mode. In 
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standby mode, the oscillator circuit is active 
and interrupts, timer/counter and _ serial 
interface working. On the other hand, the 
CPU stops since the clock related to the 
instruction execution stops. Registers, RAM, 
and I/O pins retain the states they were in 


just before the MCU went into standby mode. 





Table 21. Low Power Dissipation Mode Function 


Condition 
‘Timer/ 
Low Power Input/ Counter, 
Dissipation Oscillator Instruction Register, Interrupt Output Serial Recovery 
Mode instruction Circuit Execution Flag Function RAM Pin Interface Method 
Standby mode SBY Active Stop Retained Active Retained Retained2 Active RESET 
instruction input, 
interrupt 
request 
Stop mode STOP Stop Stop RESET? Stop Retained High Stop RESET 
instruction impedance input 


Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 19 for the contents of 


the flags and registers. 


2. As an I/O circuit is active, an !/O current may flow, depending on the state of !/O pin in 
standby mode. This is the additional current to the current dissipation in standby mode. 


Standby 





Active 





Figure 17. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 when an interrupt 
request asserted, the interrupt is executed, 
while if it is O, the interrupt request is put on 
hold and normal instruction execution con- 
tinues. In the later case, the MCU becomes 
active and executes the next instruction fol- 
lowing the SBY instruction. 


Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 19, reset 
input must be applied for at least trc for 
oscillation to stabilize. (Refer to AC Charac- 
teristics table.) After stop mode is cancelled, 
RAM retains the state it was in just before the 
MCU went into stop mods, but the accumu- 


lator, B register, W register, X/SPX registers, 





SBY 


Oscillator Active 

Peripheral Clocks 
Active 

All Other Clocks 

Stop 





Yes 


Yes 


Restart 
Processor Clocks 


Restart 
Processor Clocks 


(C) 


(B) 
Execute Interrupt 
Instruction Accept 


(A) 
Reset MCU 


Figure 18. MCU Operating Flowchart in Standby Mode 
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Y/SPY registers, carry, and serial data register 
may not retain their contents. 


ark 
oseitator TMM, TT 


Internal clock er 
rs 


ft instruction execution (more than stabilization time: trc) 





Figure 19. Timing Chart of Recovering from Stop Mode 
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Programmable ROM Operation 


The HD4074008’s on-chip PROM is _ pro- 
grammed in PROM mode (figures 20, 21 and 
22). PROM mode is set by bringing TEST, Mo, 
and M; low, and RESET high as shown in 
figure 21. In PROM mode, the MCU does not 
operate. It can be programmed like a stan- 
dard 27256 EPROM using a standard PROM 
programmer and a 64-to-28-pin socket 
adapter. Table 23 lists recommended PROM 
programmers and socket adapters. 


Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series 
microcomputer incorporate conversion circuit 
to use a general perpose PROM programmer. 
By this circuit, an instruction is read or pro- 
grammed using 2 addresses, lower 5 bits and 
upper 5 bits as shown in figure 22. For 
example, if 8kwords of on-chip PROM are 
programmed by a general purpose PROM 
programmer, 16 kbytes of addresses ($0000- 
$3FFF) should be specified. 


Programming And Verification 


The HD4074008 can be high-speed pro- 
grammed without causing voltage stress or 
affecting data reliability. 


Table 22 shows how programming and 
verification modes are selected. 


Figure 23 is a programming flowchart, and 
figure 33 is a timing chart. For precautions on 
PROM programming, refer to ZTAT MCU On- 
Chip PROM Characteristics and Precautions 
for Applications. 


Erasing 


The PROMs in ceramic window packages can 
be erased by ultraviolet 7a All erased bits 
become 1s. 


Erasing conditions are: ultraviolet (UV) light 
with wavelength 2537A with a minimum 
irradiation of 15W-sec/cm2. These conditions 
are satisfied by exposing the LSI to a 1z,000 
uW/cm? UV source for 15-20 minutes, at a 


distance of 1 inch. 
Precautions 


1. Addresses $0000 to $3FFF should be 
specfied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may 
not be programmed or verified. Note that 
the plastic package type cannot be 
erased and reprogrammed. Data in un- 
used addresses should be set to $FF. 
(Ceramic window packages can be 
erased and reprogrammed by ultraviolet 
light.) 


2. Be careful that the PROM programmer, 
socket adapter and LSI match. Using the 
wrong programmer of socket adapter 
may cause an overvoltage and damage 
the LSI. Make sure that the LSI is firmly 
fixed in the socket adapter, and that the 
socket adapter is firmly fixed in the pro- 
grammer. 


3. The PROM should be programmed with 
Vpp=12.5 V. Other PROMs use 21 V. If 21 V 
is applied to the HD4074008, the LSI may 
be permanently damaged. 12.5 V is Intel’s 
27256 Vpp. 





Table 22. PROM Mode Selection 


2 
wees 


Mode CE OE Vpp 
Programming low’ High Vpp _ Data input | 
Verify High Low Vpp _ Data output 


Programming High High Vpp High 
inhibited impedance 
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Table 23. PROM Programmers and Socket Adapters 

















PROM Programmer Socket Adapter 
Maker Type Name Maker Type Name 
DATA i/O 22B Hitachi HS408ESS11H 
29B 
HS408ESFO1H 
HS408ESFO3H 
AVAL Corp PKW-1000 Hitachi HS408ESS21H 
PKW-7000 
HS408ESFO1H 
HS408ESFO3H 
@ HITACHI 
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Package 


DP-645S 
DC-64$ 


FP-64 
FP-64A 


DP-64S 
DC-64S 


FP-64 
FP-64A 
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CANO A WH = 


RESET 
HD4074008 Wy. 









(FP-64) 
oO O 
ON Oo. 0 o 
qIqc<_ >> © 
Ag 1 O02 
As 2 O, 
AsL 3 Oo 
A7L 4 GND 
Ag 5 
Ao 6 
Aio(] 7 TEST 
A, 1 8 HD4074008 41 RESET 
Ai2 9 M, 






(FP-64A) 
(Top View) G: GND (Vszg level) 
Nomark: open 






Figure 20. PROM Mode Pin Arrangement 
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Data 
EZ = 0-0, 





Address 
Ao—Ai4 
OE 

CE 


GND 


Figure 21. PROM Mode Function Diagram 


$0000 []}}i | 1 ' bit4 — bit3.—sbit2_ | bit! , bitO | Lower 5 bits aaa JMPL Instruction 
$0001 {{I{{ 1 | bit9 . bit® , bit? bitO bits | Upper Sbitss * (Jump to RESET Routine) 
JMPL Instruction 


Vector Address 
ead (Jump to INTo Routine) 


JMPL Instruction 
(Jump to INT; Routine) 


Zero-Page Subroutine JMPL Instruction 
(64 Words) (Jump to TIMER A Routine) 


JMPL Instruction 
$003F (Jump to TIMER B Routine) 


$0040 


Pattern 
O96: Words) JMPL Instruction 
(Jump to SERIAL Routine) 
SOPEF es 


$1000 ae 


Program 
(8198 Words) 


Not Used 


en yen? 
Three bits are not used. 


(Set to 111) 
Note: When reading this address space, $FF is output. 





Figure 22. PROM Mode Memory Map 
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START 


SET PROG./VERIFY MODE 
Vpp=12.5+0.3V, Vec=6.0+0.25V 


Address = 0 


i Program tew = 1ms + 5% 


NOGO 
Address + 1 -» Address 
GO 


Program topw = 3n ms 


Last NO 
Address ? 


YES 


SET READ MODE 
Vec=5.0+0.5V, Vep=Vec £0.6V 


READ 
All Address 


GO 





Figure 23. High Speed Programming Flowchart 
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Addressing Modes 
RAM Addressing Mode 


As shown in figure 24, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four kinds of ROM addressing 
modes, as shown in figure 25. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with the 
14-bit immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC,3 to PC) 
with the 8-bit immediate data. 


HD4074008 


When BR is on page boundary (256n + 255) 
(figure 26), executing a BR instruction trans- 
fers the PC contents to the next page accord- 
ing to the hardware architecture. Conse- 
quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 
pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low-order six bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PC:i3 to 
PCeg). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 27). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1,ROM data are written 
into the accumulator and B register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 
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W Register X Register Y Register 


CN ee NG 





RAM Address | ary APs | AP7 a. | APs | AP4 ae: | AP2 | AP; | ar 


Register Indirect Addressing 


Instruction 1st Word Instruction 2nd Word 


Ge ee et ee Ne ee ee ee ee ee ae 


Direct Addressing 










RAM Address 





Instruction 








1 0 


peed bad 


RAM Address] APs] APs| AP7| APe| APs | APa| APs 





AP2 


AP [ar | 








Memory Register Addressing 





Figure 24. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 






Instruction 1st Word Instruction 2nd Word 


Program Counter}PCi3 PCi2 PC11 PC1o PCs PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 



























do ds d7 



















de ds d4 d3 dz di do 











Direct Addressing 










Instruction 


SSS 
(BR) | Opcode bz be bs ba b3 b2 bi bo 


| | 
Program Counter |PCi3 PC12 PCi1 PC1o PCa9 PCs PC7 PCe PCs PCs PC3 PC2 PC: PCo 


Current Page Addressing 










Instruction 


a5 a4 a3 a2 ai ao 


PCi3PC12PC11 PC10 PCs PCa PC7 PCe PCs PCa PC3 PC2 PC: PCo 






(CAL) 
Oo 0 0 0 0 O 







0 O 





Program Counter 





Zero Page Addressing 


Instruction 


Program Counter|PCi3PC12 PC11PCio PCy PCs PC7 PCe PCs PCa PCs PC2 PC: PCo 





Table Data Addressing 






Figure 25. ROM Addressing Mode 
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256(n—1)+255 
BR AAA |256n 
AAA NOP 


256n+254 
256n+255 
256(n+1) 


Accumulator, B Register | Bs Bo B: Bo | As A2 Ai Ao | lf ROs=1 


ROM Data 


Output Register R1, R2 | R23 R22 R21 R20|R13 Ri2 R11 Rio If ROo=1 


Pattern 





Figure 27. P Instruction 
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Instruction Set 


The HD4074008 provides 101 instructions 7. RAM bit manipulation instruction 
which are classified into 10 groups as follows; 8. ROM address instruction 

1. Immediate instruction 9. Input/output instruction 

2. Register-to-register instruction 10. Control instruction 

3. RAM address instruction 

4. RAM register instruction Tables 24-33 list their functions, and table 34 

5. Arithmetic instruction is an opcode map. 

6. Compare instruction 





Table 24. Immediate Instructions 


Words / 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from immediate LAI i 1000 1 1 ig i2 7 i9n I +A 1/1 
Load B from Immediate LBI i 1000 0 O ig ig iy ip i> B 1/1 
Load Memory from LMID i,d 01101 O ig ig 1 ip it -M 2/2 
immediate dg dg d7 deg ds dq d3 d2 di do 
Load Memory from LMIUY } 10100 1 ig ig iy ig i--M, Y+1-Y NZ 1/1 
Immediate, increment Y 
Table 25. Register-to-Register Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 B-+-A 1/1 
Load B from A LBA 11001000 A~B 1/1 
Load A from W LAW 0100000000 WA 2/2 

o0000 00000 (Note) 

Load A from Y LAY 0010310313111 YA 1/1 
Load A from SPX LASPX 0001101000 SPX~A 1/1 
Load A from SPY LASPY 000103131 1000 j%SPY-A 1/1 
Load A from MR LAMR m 10011 1mMmmnm MRim)~A 1/1 
Exchange MR and A XMRA m 101 1 1 1 mmmm MR(m-A 1/1 


Note: An operand is provided for the second word of LAW and LWA instruction by assembler automat- 


ically. 
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Table 26. RAM Address Instructions | 
. Words/ 


Operation | Mnemonic Operation Code | Function Status Cycles 
Load W from Immediate LW1 i 00111100i%i i9 i-~W | 1/1 
Load X from Immediate LXI i. 10001 O ig ig iy ip I~ X 1/1 
Load Y from Immediate LYI i 1000 0 1 ig ig 1 ip i-Y 1/1 
Load W from A LWA 0100010000 A>~W 2/2 

cocccoccccgesg (NOtS) 
Load X from A LXA 0.09 <1 4-0 400 0.0. Aw 1/1 
Load Y from A LYA 0011011000 AY | 1/1 
Increment Y lY 00010113100 Y+1-Y NZ 1/1 
Decrement Y DY 0 O° 1-0: Tt D tt. Ye) ey NB 1/1 
Add A to Y AYY 0001010100 Y+tA-Y OVF 1/1 
Subtract A from Y SYY 00110310100 Y-A-~Y NB 1/1 
Exchange X and SPX XSPX 0000000001 X= SPX 1/1 
Exchange Y and SPY XSPY 0000000010 Y= SPY 1/1 
Exchange X and SPX,Y XSPXY 000000001 1 =X+SPX, Y-SPY 1/1 
and SPY 


Note: An operand is provided for the second word of LAW and LWA instruction by the assembler 
automatically. . 
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Table 27. RAM Register Instructions 


Operation 
Load A from Memory 


Load A from Memory 


Load B from Memory 
Load Memory from A 


Load Memory from A 


Load Memory from A, 
Increment Y 


Load Memory from A, 
Decrement Y 


Exchange Memory and A 


Exchange Memory and A 


Exchange Memory and B 


Note: 


LAM (XY) 


XMA(XY) 


XMAD d 


XMB(XY) 


Mnemonic 


LAMD d 


LBM(XY) 
LMA(XY) 


LMAD d 


LMAIY(X) 


LMADY(X) 


Operation Code 


00100100 y 


x 


01100310000 
dg dg d7 de ds d4 d3 do d; do 


00010000 y x 
00100101 ~y x 


01100310100 
dg dg d7 de ds d4 d3 d2 d; do 


000101000 


x 


001101000 x 


00100000 y x 


o110000000 
dg dg d7 de ds dg d3 do d; do 


00110000 y x 


(XY) and (X) have the following meaning: 


HD4074008 


Function 
M-+A, (X-SPX, Y-SPY) 


M-A 


M-+B, (X--SPX, Y~SPY) 
AM, (X-SPX, Y-SPY) 


A>M 


A +M, Y+1-*¥ (X-SPX) 


A +M, ¥—-1 -+¥ (X--SPX) 


MA, (X—SPX, Y-SPY) 


M-A 


MB, (X-SPX, Y~SPY) 


Status 


NZ 


NB 


Words/ 
Cycles 


1/1 
2/2 


1/1 
1/1 
2/2 


1/1 


1/1 


1/1 
2/2 


S 


1/1 


(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 
LAM (XY) is given below). 
The op-code X or Y is assembled as follows. 


Mnemonic 


LAM 
LAMX 
LAMY 


LAMXY 


y 
e) 
0 


1 


x 


O 


Function 


X -— SPX 
Y — SPY 


X—-SPX, YoSPY 


(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 
The op-code X is assembled as follows. 


Mnemonic 


LMAIY 


LMAIYX 
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Function 


X + SPX 
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Table 28. Arithmetic Instructions 


Operation 

Add immediate to A 
Increment B 

Decrement B 

Decimal Adjust for Addition 


Decimal Adjust for Subtraction 


Negate A 


Complement B 
Rotate Right A with Carry 


Rotate Left A with Carry 


Set Carry 


Reset Carry 


Test Carry 


Add A to Memory 


Add A to Memory 


Add A to Memory with Carry 


Add A to Memory with Carry 


Subtract A from Memory 


with Carry 


Subtract A from Memory 


with Carry 


OR A and B 
AND Memory with A 


AND Memory with A 


OR Memory with A 


OR Memory wiih A 


EOR Memory with A 


EOR Memory with A 


Note: M : Logical AND 
U : Logical OR 
@ : Exclusive OR 


268 


Mnemonic 


Al i 

IB 

DB 
DAA 
DAS 
NEGA 
COMB 
ROTR 
ROTL 
SEC 
REC 
TC 
AM 


AMD d 


AMC 


AMCD d 


SMC 


SMCD d 


OR 
ANM 


ANMD d 


ORM 


ara ar 


EORM 


EORMD d 


oO;jo;}o;o!;ro;y;}jo!]o;o;}o;o;o};o;]o 


1 


Q 
© 


o) 
(e) 
jo) 


0) 


O 


O;O;0;] 0; 0. 


O;/O;O0;0;] 0; 0 
oO;}O;] 0 


& 


1 


1 


Q. 
N 


0 


O 


oO} Oo 


Operation Code 


O O ig ig i 


—_ 


1 


0 
0 


oO}, O°} Ofy-Ol oO. O4-O./ OPO ,rot ora to} 


0110 


O11 0 


—_ 


OoO;oO;O;} 0 


dg dg d7 dg ds dq d3 do di do 


0 


O 


O 


1 


1 


1 


0 


O 


0110 


0110 


0 


0 


0 


O 


dg dg d7 deg ds dq d3 d2 d1 do 


0) 


O 


O 


1 


0 


1 


0 
1 


1 


1 
O 
O 


000 1 
O11 1 


O11 1 


0 
O 
0 


0 
0 
0 


dg dg d7 dg ds da d3 d2 d; do 


O 


mn 
U 


O 


a 


) 


nM 


U 


O 


mn 


U 


001 1 


ras mn a a 


uv VU st | 


0) 


mn 


Uu 


0 


nN 
uU 


dg dg d7 dg ds dq d3 do di do 


6) 
¢) 


O 


1 


0 
0 


0 
0 


O11 1 


O11 


O 


0 


100 


dg dg d7 dg ds dq d3 do dj do 
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Function 
At+i--A 
B+1i1-B8B 


B-1~B 


1-+CA 


0 -CA 


M+tA-A 


M+A—A 


M+A+CA - 


OVF-CA 


M+A+CA- 


OVF-+CA 


M-A-CA- 


NB-CA 


M-A-CA- 


NB--CA 
AUB-A 
ANM--A 


ANM-A 


Status 


OVF 


NZ 


NB 


CA 
OVF 


OVF 


OVF 


OVF 


NB 


NB 


NZ 


NZ 


NZ 


< 
NJ 


NZ 


NZ 


Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
2/2 


1/1 


2/2 


11 


2/2 


1/1 
1/1 


2/2 





Table 29. Compare Instructions 


Operation 


Immediate Not Equa! 
to Memory 


immediate Not Equal 
to Memory 


A Not Equal to Memory 


Mnemonic 


INEM 


INEMD i,d 


A Not Equal to Memory 


B Not Equal to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


Immediate Less or Eaual 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate 


AMEMD d 


BNEM 


YNEIL | 


ILEM | 


ILEMD i.d 


ALEM 


ALEMD d 


BLEM 


ALE i 
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Table 30. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 


Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 
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Mnemonic 


SEM n 


SEMD n,d 


REM n 


REMD n,d 


TM n 


TMD n,d 


Words/ 
Operation Code Function Status Cycles 
ec 00010 i-3 iz i io iz M NZ 1/1 
0100 1 O ig i2 i1 ig i*x M NZ 2/2 
dg dg d7 dg ds d4 d3 do d; do 
0000000100 A+#M NZ 1/1 
0100000100 A+#+M NZ 2/2 
dg dg d7 dg ds dg d3 do dj do 
0001000100 B+zM NZ 1/1 
000 1 1 1 Ig i2 14 Io Y #1 NZ 1/1 
0000 1 = 1 Ig i2 11 Io isM NB 1/1 
0100 1° 1 ia io i4 ig i<sM NR 2/2 
dg dg d7 deg ds dq d3 do di do 
0000010100 As NB 1/1 
01000310100 As NB 2/2 
dg dg d7 de ds dg d3 do dj do 
0011000100 B=s=M NB 1/1 
1010 1 1 i3 ji2 1 ig A Si NB 1/1 

Words/ 
Operation Code Function Status Cycles 
0010000 1" 1% 1 — M(n) 1/1 
0110000%1n 1% 1 -+ M(n) 2/2 
dg dg d7 dg ds dq d3 do di do 
0010001 0n 1% O +M(n) 1/1 
0110001 0m 1% O — M(n) 2/2 
dg dg d7 deg ds dq d3 d2 di do 
0010001 1m 1% M(n) 1/1 
0110001 1 1m M(n) 2/2 
dg dg d7 deg ds da d3 d2 d; do 
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Table 31. 


Operation 
Branch on Status 1 


Long Branch on Status 1 


Long Jump Unconditionally 


Subroutine Jump on Status 1 


Long Subroutine Jump on 
Status 1 


Table Branch 


Return from Subroutine 


Return from Interrupt 


Table 32. 


Operation 

Set Discrete 1/O Latch 

Set Discrete |/O Latch Direct 
Reset Discrete I/O Latch 
Reset Discrete |/O Latch Direct 
Test Discrete 1/O Latch 

Test Discrete |/O Latch Direct 
Load A from R Port Register 
Load B from R Port Register 
Load R Port Register from A 
Load R Port Register from B 


Pattern Generation 


Mnemonic 


BR b 


BRL u 


JMPL u 


CAL a 


CALL u 


TBR p 
RTN 


RTNI 


Mnemonic 


SED 


SEDD m 


RED 


REDD m 


TD 


TDD m 


LAR m 


LBR m 


LRA m 


LRB m 


ROM Address Instructions 


Operation Code 


1 1 b7 bg bs ba b3 b2 by bo 


0 1 0 1 1 1 p3 p2P1 Po 
dg dg d7 dg ds da d3 do di do 


0 10 1 0 1 p3p2P1 Po 
dg dg d7 dg ds d4 d3 do di do 


O 1 1 #1 as a4 a3 az aj aD 


O 10 1 1 O p3p2P1 Po 
dg dg d7 dg ds da d3 do d} do 


001 0 1 1 p3Pp2P1 Po 
0000010000 


000001000 1 


Input/Output Instructions 


Operation Code 


0011310010 0 


10111 0mmm™ 


3 


00011001 0 0 


1001 10mg mm 


O12 


0011100 0 0 
10101 Ommm 
10010 1m mm 
10010 0m mm 
101 1 0 1 mgm m 
101 10O0mmm 


O11 0 1 1 pg p2 P1 Po 
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Function 


1 -1/E 
CA Restore 


Function 
1 — D(Y) 
1 - D(m) 
O - D(Y) 


0 - D(m) 


R(m) ~ A 
R(m) — B 
A — R(m) 


B ~ R(m) 


Status 


Status 


D(Y) 


D(m) 
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Words/ 
Cycles 


1/1 


2/2 


2/2 


1/2 


2/2 


1/1 
1/3 
1/3 


Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


1/2 
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Table 33. Control Instructions 


Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 1/1 
Start Serial STS 01010031000 1/1 
Standby Mode SBY 01010031100 1/1 


Stop Mode STOP 010100110 1 1/1 


@ HITACHI 
Hitachi America Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 271 


HD4074008 





Table 34. Opcode Map 


[Fok 

fee oI 
INEMD i(4) 

CN ee eee ee 

5 jumaivx) ~~ avy ea ea p are 

bl 


. 













YNEI 


‘AMO bb 





LMID i(4) 
| P p(4) _ 
A ee 
LBI i(4) 
LXI i(4) 
LAI i(4) 
LBR m(4) _ 
REDD m(4) 
1 LAMR m(4) BR b(8) 


S ee ee ee eect 
fT 
x 
& 


LHA m(4) 
SEDD m(4) 


{__}--1-word/2-cycle [___}--1-word/3-cycle [_]}--RAM Direct Address [___}-:2-word/2-cycle 
Instruction Instruction Instruction instruction 
(2-word/2-cycle) 


© HITACHI 
272 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 ¢ (415) 589-8300 





HD4074008 


Absolute Maximum Ratings 


























item Symbol Value Unit Note 
Supply Voltage Vec —-0.3 to + 7.0 V 
Programming Voltage Vpp -0.3 to + 14 V a 3 - 
Terminal Voltage Vy —0.3 to Vec + 0.3 V 4 
Total Allowance of Input Current = lo 50 mA 5 
Maximum Input Current lo 15 mA 7, 8 
Maximum Output Current —lo 4 mA 9,10 
6 mA 9, 11 
30 mA 9,12 
Total Allowance of Output Current —35 lo 150 mA 6 
Operating Temperature Topr -20to + 75 °C 
Storage Temperature Tstg —55 to + 125 C 


Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera- 
tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceeded, it may cause a malfunction or affect the reliability of LSI. 


2. All voltages are with respect to GND. 
3. Applied to R9o (Vpp) 
4. Standard pins. 
5. Total allowance of input current is the total sum of input current which flows in from all !/O 
pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out 
from Vcc to all 1/O pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each I/O pin to GND. 
8. Do-—D3 and R3-—R8. 
9. Maximum output Current is the maximum amount of output current from Vcc to each I/O 
pin. 
10. Do—D3 and R3-—R8. 
11. RO-R2. 
12. D4- Dis. 
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Electrical Characteristics 


DC Characteristics : 
(Vcc = 5 V + 10%, GND = 0 V, T. = —20°C to + 75°C, unless otherwise notes.) 


item Symbol Pin Min Typ Max Unit Test Condition Note 
Input High Vin RESET, SCK, 0.8 Vcc Vec + 0.3 Vv 
Voltage INTo, INT 

OSC, Vec ~— 0.5 Ver + 0.3 V 

Sl 0.7Vcc Vec + 0.3 V 
Input Low Vit RESET, SCK, -0.3 0.2Vcc V 
Voltage INTo, INT, 

OSC, = 053 0.5 V 

SI - 0.3 0.3 Vcc V 
Output High VoH SCK, Vec—1.0 V —loy=1.0mA 
Voltage SO 

Vcc —-0.5 V —lon=0.5mA 

Output Low VoL SCK, 0.4 V lol. =1.6mA 
Voltage so 
Input/Output [ty | RESET, SCK, 1 pA Vin = OV to Vec 1 
Leakage INTo, INT, 
Current OSC;, SI, SO 
Current lec Vec 4.5 mA Vec = 5 V 2,5 
Dissipation in 
Active Mode 
Current IsBy Vec ey mA Maximum logic 3,5 
Dissipation in— : operation 
Standby Mode Vec = 5 V 
Current lstap Vec 10 uA Vin(TEST) = Vee -0.3Vto 894 
Dissipation in | Vcc. Vin(RESET) = 0 V 
Stop Mode to0.3 V 
Stop Mode Vetop Vec 2 V 


Retain Voltage 


Notes: 1. Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 
* MCU in reset state, operation mode 
- RESET, TEST: Vec 


~~ ODQ..Ppa-: \/.~ 


* D4a-D15, RO-R2, RAo, RA::GND 
3. The timer/counter operates with the fastest clock. Input/output current does not flow. 

* MCU in standby mode 
- Input/output in reset state 
- Serial interface: Stop 
- RESET: GND 
* TEST: Vcc 
* Do-D3, R3—R9Y: Vcc 
* D4-Dis, RO-R2, RAo, RA: : GND 

4. Excluding pull-down MOS current. 

5. When fose = x MHz, estimate the current dissipation as follows: 
Max value @ x MHz = x/8 xX (max value @ 8 MHz) 
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Input/Output Characteristics for Standard Pin (I): NMOS Open Drain 





















































(Vcc = 5 V + 10%, GND = 0 V, T,. = — 20°C to + 75°C, unless otherwise noted.) 
Item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin Do-D3, 0.7 Vcc Vec + 0.3 OV 
Voltage R3—R5 

RQ 
Input Low ViL Do-D3, - 0.3 0.3Vcc V 
Voltage R3—R5 
RY 
Output Low VoL Do-D3, 0.4 V lo. = 1.6 mA 
Voltage R3—R8 
Input/Output tie | Do-D3, 1 uA Vin = OV to Vec 1 
Leakage Current R3—R9 

Note: 1. Pull-up MOS current and output buffer current are excluded. 

Input/Output Characteristics for Standard Pin (II): PMOS Open Drain 
(Vcc = 5 V + 10%, GND = OV, Ta = — 20°C to + 75°C, unless otherwise noted.) 
Item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High ViH D4-D15, 0.7 Vcc Vec + 0.3 V 
Voltage R1, R2, 

RAo, RA; 
Input Low Vit D4-Dis, — 0.3 O13 Veo Vv 
Voltage R1, R2, 
RAg, RA 
Output High VoH D4-Dis Vec - 3.0 V ~ lon = 18 mA, Veco = 5 V 
Voltage 
Vcc -— 2.0 V — loo = 10 mA, Voc = 5 V 
Vec — 1.0 V -— loo = 4mA, Vec = 5 V 
RO-R2 Vec — 3.0 V - loo = 3 MA, Voc = 5 V 
Veg: = 2:0 V —loy =2mMA, Veco = 5 V 
Vec — 1.0 V — loo = 0.8 mA, Vec = 5 V 
Input/Output hie DacDee, 1 uA Vin = 0 to Vec { 
Leakage RO-R2, 
Current RAo, RA, 
Note: 1. Pull-down MOS current and output buffer current are excluded. 
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AC Characteristics 


(Vcc = 5 V + 10%, GND = 0 V, Ta = — 20°C to + 75°C, unless otherwise noted.) 
Test 

{tem Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency — fog, OSC, OSC 0.4 8 9 MHz divide by 8 

Instruction Cycle teye 0.89 1 20 “uS 

Time 

Oscillator Stabiliza- tec OSC, OSC2 20 ms 1 

tion Time 

External Clock tcPH, OSC, 41 ns divide by 8 2 

High, Low tcPL 

Level Width 

External Clock Rise tc¢p, OSC, 15 ns 2 

Time 

External Clock Fall tcps OSC, 15 ns 2 

Time 

INTo High Level tion INTo 2 tae 3 

Width 

INT 9 Low Level tot INTo 2 teye . 3 

Width 

INT, High Level tH INT, 2 teyc 3 

Width 

INT, Low Level ty INT, 2 teyc 3 

Width 

RESET High Level testy RESET 2 tee 4 

Width 

Input Capacitance (C,, All pins 15 pF f =1 MHz, 

RESET Fall Time trstt 20 ms 4 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage after power-on, or after RESET goes high. At power-on or STOP 
mode release, RESET must be kept high for at least tac. Since tac depends on the crystal or 
ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice 
when designing the RESET circuit. 

2. See figure 28. 
3. See figure 29. 
4. See figure 30. 
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Serial Interface Timing Characteristics 


AT Transfer Clock Output 


HD4074008 


(Vcc = 5 V + 10%, GND = OV, Ta = — 20°C to + 75°C, unless otherwise noted.) 
item : Symbol Pin Min Typ Max Unit Test Condition Note 
Transfer Clock tage SCK 1 tii 1.2 
Cycle Time 
Transfer Clock tecicd SCK 0.5 eave 1.2 
High, Low tSCKL 
Level Width 
Transfer Clock tsckr SCK 100 ns 1.2 
Rise, Fall Time tsck¢ 
Serial Output Data tpso SO 250 ns 1.2 
Delay Time 
Serial Input Data tssi Sl 300 ns 1 
Set-up Time 
Serial Input Data tHs! S| 150 ns 1 
Hold Time 
AT Transfer Clock Input 
(Vcc = 5 V + 10%, GND = 0 V, Ta = — 20°C to + 75°C, unless otherwise noted.) 
item Symbol Pin Min Typ Max Unit Test Condition Note 
Transfer Clock tscyc SCK 1 toys 1 
Cycle Time 
Transfer Clock tsckH  SCK 0.5 tae 1 
High, Low tscKL 
Level Width 
Transfer Clock tsckr SCK 100 ns 1 
Rise, Fall Time tsck¢t 
Serial Output Data tpso SO 250 ns te2 
Delay Time 
Serial Input Data tssi S| 300 ns 1 7 
Set-up Time 
Serial Input Data tHsi S| 150 ns 1 
Hold Time 
Notes: 1. See figure 31 

2. See figure 32 
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Figure 28. Oscillator Timing 





Figure 29. Interrupt Timing 
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tscyc 





tsckt tsckr 
SCK Vec—-2.0V (0.8V ec) * F 
0.8V (0.2V¢c) * 


SO 


SI 


* Vec—2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8Vcc and 0.2V¢c are the threshold voltage for transfer clock input. 


Figure 31. Timing Diagram of Serial Interface 


Vec 


R, =2.6kQ 


1S2074) 


or Equiv. 





Figure 32. Timing Load Circuit 
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Programming Electrical Characteristics 


Write and Verify Mode 


DC Characteristics 
(Vec=6 V + 0.25 V, Vee=12.5V + 0.3 V, 
notes. ) , 
item 
Input high voltage Oo—O7, Ao—Ai4a, OE, CE 
Input low voltage Oo—O7, Ao—Ai4a, OE, CE 
Output high voltage Oo—O7 
Output low voltage Oo—O7 
Input leakage current Oo—O7, Ao—A14, OE, CE 
Vec current 


Vep current 


AC Characteristics 


Vss=0V, Ta=25°C +5 C, unless otherwise 


Symbol Min Typ Max 


Vin 
Vit 
Vou 
Vou 
tual 
lec 


Ipp 


2.2 Vec+0.3 
—0.3 0.8 
2.4 
0.4 
2 ; 
30 
40 


Unit Test Condition 
V 

V 

V lon= —~200unA 

V lo.=1.6mMA 

HA Vin=5.25V/0.5V 
mA 

mA 


(Vec=6 V + 0.25 V, Vpp=12.5 V + 0.3 V, Ta=25 °C + 5°C, unless otherwise noted.) 


item Symbol 
Address set-up time tas 
OE set-up time toes 
Data set-up time tos 
Address hold time taH 
Data hold time tou 
Output disable delay time tor 
Vpp set-up time tvps 
Program pulse width tew 
CE pulse width when overprogramming topw 
Vec set-up time tvcs 
Data output delay time toe 


Note : *Input Pulse level 0.8~2.2V 
Input rising/falling time S20ns 


Timing reference level 


Min Typ Max 


2 
2 
2 
0 
2 
130 
2 
0.95 1.0 1.05 
2.85 78.75 
2 
0 500 


finput :1.0V, 2.0V 
Loutput :0.8V, 2.0V 


@ HITACHI 
280 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300 


Unit Test Condition 


“uS 
“uS 
LS 
us 
uS 
ns 
us 
ms 
ms 
“Ss 
ns 


Fig. 33* 
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Program Verify 





Data ao In | —séatalin Stable io es Data se Valid 








Figure 33. PROM Programming/Verify Timing 
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Read Mode 


DC Characteristics 
(Vss = 5 V + 10%, Ver = Vec + 0.6 V, Ta = 25°C + 5°C, unless otherwise notes.) 


Item Symbol Min Typ Max Unit Test Condition 
Input Leakage Current lu 1 uA Vec = 5.5 V, Vin = GND to Vec 
Output Leakage Current lo 1 uA Vec = 5.5 V, Vout = GND to Vec 
Progmam Current lpp 1 100 uA Vpp = Vec + 0.6 V 
Current Dissipation lec 30 mA 
Active Mode 
Input Voltage Vit =0:3 0.8 V 
Vin 252 Vec+0.3 V 
Output Voltage VoL 0.40 V lo. = 1.6 mA 
Vou 2.4 V loo = —200 pA 


AC Characteristics 
(Vcc = 5 V + 10%, Vee = Vec + 0.6 V, Ta = 25°C + 5°C, unless otherwise notes.) 


item Symbol Min Max Unit Test Condition Note 
Access Time tacc 500 ns CE = OF = Vi 

CE Output Delay Time tce 500 ns OE = Vit 

OE Output Delay Time tor 10 150 ns CE = Vi 

Output Disable Delay Time tor 0 105 ns CE = Vin 1 
Data Output Hold Time ton @) ns | CE = OF = Vit 


Note: 1. Tpr is defined when output becomes open because output level can not be refered. 
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Switching characteristics 
Input Pulse Level 0.8 to 2.2 V Output Load 1TTL Gate + 100 pF 

Input Rise/Fall Time S 20 ns Input/Output Timing Reference Level Output; 1 V, 2 V 
Input; 0.8V,2V 










Address 






LL LL i Data Out Valid 
NNN: 


Data Out 









Figure 34. PROM Read Timing 
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Description Preliminary 
The HD404019, HD4074019 are CMOS 4-bit @ Packages 
single-chip microcomputers in the HMCS400 —64-pin shrink type plastic DIP 
series. Each device incorporates ROM, RAM, —64-pin flat plastic package 
1/O, serial interface, and 2 timer/counters and —64-pin shrink type ceramic DIP with 
contains high-voltage I/O pins, including window 
high-current output pins to drive fluorescent e Instruction set compatible with 
displays directly. HMCS408: 101 instructions 
I @ High programming efficiency with 10-bit/ 
word ROM: 79 single-word instructions 
Features @ Direct branch to all RAM areas 
@ Direct or indirect addressing of all RAM 

@® 4-bit architecture areas 
@® 16384 words of 10-bit ROM @e Subroutine nesting up to 16 levels includ- 

—Mask ROM: HD404019 ing interrupts 

—PROM: HD4074019 e Binary and BCD arithmetic operations 
@ 992 digits of 4-bit RAM e Powerful logical arithmetic operations 
e 581/O pins, including 26 high-voltage I/O e Pattern generation-table lookup capabil- 


pins (40 V max) ity 
@ 2 timer/counters e Bit manipulation for both RAM and I/O 
—1l1-bit prescaler 
—8-bit free running timer/counter Program Development Support Tools 
—8-bit auto-reload timer/event counter 
@ Clock synchronous 8-bit serial interface @ Cross assembler and simulator software for 
@ Five interrupt sources | use with IBM PCs and compatibles 
—External: 2 | 
—Timer/counter: 2 ® In circuit emulator for use with IBM PC 


—Serial interface: 1 
@ Subroutine stack 

—Up to 16 levels including interrupts 
@ Minimum instruction execution time 


@® Programming socket adapter for program- 
ming the EPROM-on-chip device 


0.89 ys Ordering Information 
a ee Part No. 
@ Low power dissipation modes a poaeae 
—Standby: Stops instruction execution Mask ROM HD404019S DP-64S | 
while allowing clock oscillation and “ype HD404019F FP-64B 
interrupt functions to operate HD404019H FP-64A 
—Stop: Stops instruction execution and 7s 
clock oscillation while retaining RAM ZAANCLYRS DSO 740195: _... DEBS 
data . HD4074019F FP-64B 
@® On-chip oscillator HD4074019C DC-64S 


—Crystal or ceramic filter 
—External clock 


HD4074019H FD-64A 





Ri, 
Ri, 
R1, 
R2 


en uma wn — 
& 33% 
QO 
zo 
o 





FP-64A 
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Pin Arrangement 












R32/INTo 
R33/INT, 






34f JR4,/S1 
33f) R4,/SCK 






(DP-64S,DC-64S) (Top View) 





Block Diagram 


R4o/R4,/R44/ R33/ R32/ ok 
SCK Si SO RESET TEST OSC; OSC Vee GND 


cite Timer | Timer External System Control 
nter- 


face A B Interrupt 


Interrupt Control 
Instruction 


RAM 992 x 4bit Decoder 


16384 x 10bit 


. 
___! High Voltage 1/0 


tr qth ate cmb ope tots oeteted-4-74 
ot ' 
 ) 


an 
ra 
RO3RO2RO:ROo} : 


1 
a bt 


i 
R43R42/R44/.R4o/ R39/R32/R3:R30'RZ3R22R2RZ0_RGRI2R1 R10: 


SO Si SCK iNT, INT) 
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Differences between PROM in Package, EPROM on Package and Mask ROM Types 





PROM in Package ZTAT EPROM on Package Mask ROM 
HD614P080S 
item HD4074019 HD4074008 HD614P0160S HD404019 HMCS408AC/C/CL HMCS404AC/C/CL HMCS402AC/C/CL 
Typical instruc- 1 us 1 us 1.33 us 1 us tus 2yus 4ys tus 2us 4yus lus 2yus 4us 
tion execution 
time 
Power supply 4.5-5.5 4.5-5.5 4.5—5:5 3.5-6 45-6 3.5-6 2.5-6 45-6 4-6 2.7-6 45-6 4-6 2.7-6 
voltage (V) 
ROM 16,384 words 8,192 words HN27C64: 4,096 16,384 words 8,192 words 4,096 words 2,048 words 
x 10 bit x 10 bit x 10 bit X 10 bit x 10 bit xX 10 bit x 10 bit 
HN4827128: 8,192 
x 10 bit 
HN27C256: 16,384 
x 10 bit 
RAM 992 x 4 bit 512 x 4 bit 576 x 4 bit 992 x 4 bit 512 x 4 bit 256 x 4 bit 160 x 4 bit 
1/0 pin Standard NMOS open dain NMOS open drain NMOS open drain Each pin can be without pull-up MOS (NMOS open drain), 
circuit pins with pull-up MOS, or CMOS 
High PMOS open drain PMOS open drain PMOS open drain Each pin can be without pull-down MOS (PMOS open drain) 
voltage (Typical 5 V use) or with pull-down MOS 
pins 
Clock Crystal O © O O O O O 
generation Ceramic O O O S O O O 
Resistance = = a os = HMCS404C HMCS402C 
Pakage Type DC-64S DP-64S FP-64B DC-64S DP-64S FP-64 DC-64SP DP-64S FP-64B DP-64S _ FP-64 DP-64S FP-64 DP-64S  FP-64 
(Window) FP-64A (Window) FP-64A FP-64A 
Occupied 18.8x 17x58 18.8x 18.8x 17x58 19.6x 23x 17x58 18.8x 17x58 19.6x 17x58 19.6x 17x58 19.6x 
area 57.3 24.8 57.3 25.6 57.3 24.8 25.6 25.6 25.6 
(mm?) 17.2x172 
Height 5.6 5.1 2.9 5.6 5.1 2.9 7.5 5.1 2.9 5.1 2.9 5.1 2.9 5.1 2.9 
from (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) 
stand 2.9 
off (mm) (Max) 
Notes: DC-64S: 64-pin shrink type ceramic DIP with window DC-64SP: 64-pin shrink type ceramic piggy back 
DP-64S: 64-pin shrink type DIP O: Available 
FP-64: 64-pin flat plastic package (rectangular shape) —: Not available 
FP-64A: 64-pin flat plastic package (square snape) 
FP-64B: 64-pin flat plastic package (rectangular shape) 


6LOPLOPGCH/610P0PGH 





Pin Description 
GND, Vcc, Vaisp (Power) 


GND, Vcc, and Vaisp are the power supply pins 
for the MCU. 

Connect GND to the ground (0 V) and apply 
the Vcc power supply voltage to the Vcc pin. 
The Vuaisp pin (multiplexed with RA) is a 
power supply for high-voltage I/O pins with 
maximum voltage of 40 V (Vcc — 40 V). For 
details, see Input/Output section. 


TEST (Test) 


TEST is for test purposes only. Connect it to 
Voc. 


RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC, OSC2 (Oscillator Connections) 


OSC, and OSCz2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 


Do— Dis (D Port) 
The D port is an input/output port addressed 


by the bit. These 16 pins are all input/output 
pins. Do to D3 are standard and Dz, to Dis are 


HD404019/HD4074019 


high-voltage pins. The circuit type for each 


‘pin can be selected using a mask option. For 


details, see Input/Output section. 


ROo—RO3, Rilo—R13, R20o—R23, R3o—R33, 
R4o—R43, R5o—R53, R6o—R63, R7o—R7s, 
R80—R83, R90—R93, RAo, RA: (R Ports) 


RO to RQ are 4-bit I/O ports. RA is a 2-bit port. 
R9 and RA are input ports, and RO to R8 I/O 
ports. RO, R1, R2, and RA are high-voltage 
ports, and R3 to RY are standard ports. Each 
pin has a mask option which selects its circuit 
type. The pins R32, R33, R4o, R41, and R42 are 
multiplexed with INTo, INT:, SCK, SI, and SO 
respectively. For details, see Input/Output 
section. 





INTo, INT: (Interrupts) 


INTo and INT; are external interrupts for the 
MCU. INT; can be used as an external event 
input pin for timer B. INTo and INT; are 
multiplexed with R3z and R33 respectively. 
For details, see Interrupt section. 


SCK, SI, SO 


The transfer clock I/O pin (SCK), serial data 
input pin (SI), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R4, R4:1, and R42 
respectively. For details, see Serial Interface 
Section. 
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Functional Description 
ROM Memory Map 


The MCU: includes 16384 words xX 10 bits of 
ROM (mask ROM or PROM). It is described in 
the following paragraphs and the ROM 
memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions can refer to the ROM data 
as a pattern. 


Program Area ($0000 to S3FFF): Loca- 
tions from $0000 to $1FFF can be used for 
program code. 





Vector Address 


Zero-Page Subroutine 
(64 Words) 


Pattern 
(4096 Words) 


Program 
(16384 Worbs) 


16383 





JMPL Instruction 
(Jump to RESET Routine) 


JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) 

JMPL Instruction 


(Jump to TIMER A Routine) 


JMPL Instruction 
(Jump to TIMER B Routine) 


o©omWn nn AWN — O 


Figure 1. ROM Memory Map 
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RAM Memory Map 


The MCU includes 992 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 


Interrupt Control Bit Area (S000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 


Memory Registers (MR) 


Data 
(928 Digits) 


Stack 
(64 Digits) 


R: Read Only 
W: Write Only 
R/W: Read/Write 


(TCBL) 


(TCBU) 
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However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter- 
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 
instructions. 


Interrupt Control Bits 


5| Serial Mode Reg. (SMR) | w | 005 
6| Serial Data Reg. Lower (SRL) ‘R/W]$ 006 
7{_Serial Data Reg. Upper (SRU) 1R/W|$.007 
[Timer Mode Reg.A (TMA)! w |$ 008 
o[ Timer Mode Reg_8 (TMB)? w | 009 


(TCBL/TLRL) 'R/WIg OOA 


Timer B 
(TCBU/TLRU)'R/WI$ 00B 


Timer/Event Counter B Lower: R Timer Load Reg. Lower ! Ww 
| _ (TLRL) 


Timer/Event Counter B Upper: R | Timer Load Reg. Upper Ww 
: (TLRU) 3 


Figure 2. RAM Memory Map 
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Data Area (S020 to S3BF): 16 digits, $020 
through $02F, of the data area are called 
memory registers (MR) and are accessible by 
LAMR and XMRA instructions (figure 4). 


Stack Area (S3C0 to S3FF): Locations $3C0 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST), and carry (CA) when su- 


IMO IFO 
(IM of INTo) 


(IF of INTo) 


IMTA IFTA 
(IM of TIMER A) (IF of TIMER A) 


Not Used Not Used 


Not Used Not Used 


Interrupt Request Flag 
Interrupt Mask 
Interrupt Enable Flag 
Stack Pointer 


(IM of TIMER B) 


(IM of SERIAL) 


broutine calls (CAL instruction, CALL 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 


RSP I/E 


(Reset SP Bit) (Interrupt Enable Flag) 


IM1 IF 1 
(IM. of INT;) (IF of INT;) 


IMTB IFTB 
(IF of TIMER B) 


IMS IFS 
(IF of SERIAL) 


Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 


affected by the SEM/SEMD instruction. 


The contents of status becomes invalid when a “Not Used” bit is tested. 


Figure 3. 


Memory Registers Stack Area 


Level 16 1$3C0 


Level 15 
Level 14 


Level 13 
Level 12 
Level 11 


Level 2 
Level 1 


MR(12) 
MR(13) 
MR(14) 








Interrupt Control Bit Area Configuration 


PC13 to PCo: Program Counter 
ST: Status 
CA: Carry 


bit 2 bit 1 


Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 
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Registers and Flags 


The MCU has nine registers and two flags for 
the CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results 
from the arithmetic logic unit (ALU), and 
transfer data to/from memories, I/O, and 
other registers. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The 2-bit W register, and the 4-bit X 
and Y registers indirectly address RAM. The Y 
register is also used for D port addressing. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY assist X and 
Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 


DMIvTT anal DANTD INAtwINtIANA 


BUN Bdesy tears SUNY At 1440 U4 AY ULL. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 


Status (ST): The status (ST) holds the ALU 
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overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value for 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes i after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack. It is 
restored back from the stack by a RTNI 
instruction, but not by a RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trols the sequence in which the instructions 
stored in ROM are executed. 


Stack Pointer (SP): The stack pointer (SP) 
points to the address of the next stack area 
(up to 16 levels). 


The stack pointer is initialized to RAM 
addiess $SFF. it is decremented by 4 when 
data is pushed onto the stack, and in- 
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 


deep because the high four bits of the stack 
pointer are fixed at 1111. 


Accumulator 
B Register 
W Register 
X Register 


Y Register 


SPX Register 


SPY Register 


Carry 


Status 


Program 
Counter 


Stack 
Pointer 


Figure 5. Registers and Flags 
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The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit, reset by a 
REM/REMD instruction. 


Interrupt 


Five interrupt sources are available on the 
MCU: external requests (INTo, INT:), timer/ 
counter (timer A, timer B), and serial port 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM), and interrupt 
vector addresses control and maintain the 
interrupt request. The interrupt enable flag 
(IE) also controls interrupt operations. 


$ 000.0 






Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared O, and the interrupt mask (IM) is set to 
1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 


Sequence Control 
- Push PC CA ‘ST 


| - Reset I/€ 


- Jump to Vector 
Address 





Vector 


Priority Control PLA Address 





Figure 6. Interrupt Control Circuit Block Diagram 
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An interrupt request is generated when the 
IF is set to 1 and IM is O. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 


In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 


In each vector address, program JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 





Table 1. Vector Addresses and Inter- 


rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET - $0000 
INT 1 $0002 
INT; 2 $0004 
Timer A 3 $0006 
Timer B 4 $0008 
SERIAL 5 $000C 


Table 2. Conditions of Interrupt Service 


interrupt Control Bit INTo INT; TimerA TimerB SERIAL 
I/E 1 1 1 1 1 
IFO-IMO 1 0 O O O 
IF1-IM1 * 1 O O O 
IFTA:IMTA * * 1 O O 
IFTB-IMTB x x x 1 0 
IFS-IMS * 2 2 * 1 

Note: * Don't care 
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Interrupt Enable Flag (I/E: $000 Bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INT:): The 
external interrupt request inputs (INTo, INT) 
can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT: pin and R32/INTo pin to be 
used as INT; pin and INTo pin respectively. 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT: 
inputs. (Refer to table 4.) 


The INT; input can be used as a clock signal 
input to timer B. Then timer B counts up at 
each falling edge of the INT; input. When INT; 
is used as timer B external event input, 


Table 3. Interrupt Enable Flag 


external interrupt mask (IM1) has to be set so 
that the interrupt request by INT; will not be 
accepted. (Refer to table 5.) 


External Interrupt Request Flags (IFO: 
$000 Bit 2, IF1: $001 Bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT: inputs 
respectively. 


External Interrupt Masks (IMO: $000 Bit 
3, IM1: $001 Bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/INTo pin, R33/INT; pin, 
R4,/SI pin, and R42/SO pin as shown in table 
6. The port mode register will be initialized to 
$0 by MCU reset. These pins are therefore 
initially used as ports. 


Table 6. Port Mode Register 


Interrupt Enable Flag Interrupt Enable/Disable PMR3 R33/INT; Pin 
: Disable 0 Used as R33 port input/output pin 
1 Enabl — 
asi 1 Used as INT; input pin 
Table 4. External Interrupt Request =e 
Flag PMR2 R32/INTo Pin 
External Interrupt Request Flags _ Interrupt Requests 0 Used as R32 port input/output pin 
0 No 1 Used as INTo input pin 
1 Yes 
PMR1 R4,/SI Pin 
Table 5. External Interrupt Mask 0 Used as R4, port input/output pin 
External Interrupt Masks Interrupt Requests 1 Used as SI input pin 
) Enable 
1 Disable (mask) PMRO R42/SO Pin 
@) Used as R42 port input/output pin 
1 Used as SO output pin 
@ HITACHI 
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Instruction 1 
Cycles 


Instruction 
execution 


Interrupt Stacking, ee ess 
accepted Reset of I/E aan 


is generated 


JMPL instruction execution on the 
vector address 


Instruction 
execution at 
starting address 
of the interrupt 
routine 





Figure 7. Interrupt Servicing Sequence 
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Power 
ON 


No 


Yes 







(A) 


| Reset MCU 





Execute 
' Instruction 


Yes 
(C) 
Interrupt 
Accept 


1/E- O 


Stack<(PC) 
Stack<(CA) 
Stack<—(ST) 





PC+(PC) +1 








PC--§ 0002 


PC-$ 0004 
No 
imer A 
PC-$ 0006 Interrupt 
eee 


PC-—$ 0008 





PC-$ O0OC 
(Serial Interrupt) 


Figure 8. Interrupt Servicing Flowchart 
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Serial Interface 


The serial interface is used to transmit/ 
receive 8-bit data serially. It consists of the 
serial data register, the serial mode register, 
the octal counter, and the multiplexer as 
illustrated in figure 9. Pin R4o0/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
serial data register can be written into or 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 





STS instruction initiates serial interface 
operations and resets the octal counter to $0. 
The counter starts to count at the falling edge 
of the transfer clock (SCK) signal and incre- 
ments by one at the rising edge of SCK. When 
the octal counter is reset to $0 after eight 
transfer clock signals, or when a transmit/ 
receive operation is discontinued when the 
octal counter is reset, the serial interrupt 
request flag will be set. | 


Serial Mode Register (SMR: S005): The 4- 
bit write-only serial mode register controls 
the R4)./SCK, prescaler divide ratio, and 
transfer clock source as shown in table 7. 


The write signal to the serial mode register 
controls the operating state of the serial 
interface. 


The write signal to the serial mode register 
stops the serial data register and octal 
counter from accepting transfer clock, and it 
also resets the octal counter to $0 simultane- 
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 


Contents of the serial mode register will be 
changed on the second instruction cycle after 
the serial mode register has been written to. 
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Therefore, the STS instruction must be 
executed after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 


Serial Data Register (SRL: $006, SRU: 
$007): The 8-bit read/write serial data regis- 
ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 


The data in the serial data register is output 
from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data is input from the SI pin to the 
serial data register, MSB first, synchronously 
with the rising edge of the transfer clock. 
Figure 10 shows the I/O timing chart for the 
transfer clock signal and the data. 


The read/write operations of the serial data 
register should be performed after the com- 
pletion of data transmit/receive. Otherwise 
the data can not be guaranteed. 


Serial Interrupt Request Flag (IFS: $003 
Bit 0): The serial interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8. 


Serial Interrupt Mask (IMS: $003 Bit 1): 
The serial interrupt masks the interrupt 
request. Refer to table 9. 


Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 


Initialize the serial interface by a write signal 
to the serial mode register when the opera- 
tion mode is changed. 
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Table 7. Serial Mode Register 





SMR3 R4o/SCK 

@) Used as R4o port input/output pin ; 

1 -Used as SCK input/output pin 

Transfer Clock 

SMR2 SMR1 SMRO  R40/SCK Port Clock Source prescaler = = System Clock 
0 6) 0) SCK Output Prescaler + 2048 + 4096 
O 0 1 SCK Output Prescaler + 512 + 1024 
) 1 0 SCK Output Prescaler + 128 + 256 
0 1 1 SCK Output Prescaler = 22 + 64 
1 @) 0) SCK Output Prescaler + 8 + 16 
1 0 1 SCK Output Prescaler £ 2 2 4 
1 1 O SCK Output . System Clock  — + 4 
1 1 1 SCK input External Clock aad aoe 


| | OC (3 bit) 
Prescaler (1 1bit) Papen 
a. unter 


tet. Toes 


alal{s Request Flag 
De os Sis RS 


SR (8 bit) 


3 Serial Data Register 
SMR (4 bit) PMR (4 bit) a 


Serial Mode Port Mode 
Register Register 


Port 


Internal Bus Line (S2) 


Port 


(ex) Sex (A) si 





Figure 9. Serial Interface Block Diagram 
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Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 


The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by the operation mode changing 
through a change in the data in the port 
mode register, or by data being written into 
the serial mode register. In this state, the 
serial interface does not operate even if the 
transfer clock is applied. If an STS instruction 
is executed, the serial interface shifts to SCK 
waiting state. 


In this state the falling edge of the first trans- 
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fer clock causes the serial interface shift to 


transfer state. While the octal counter counts 


up and the serial data register shifts simul- 
taneously. As an exception, if the clock con- 
tinuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. 


The octal counter becomes 000 again after 8 
transfer clocks or execution of an STS 
instruction, so the serial interface returns to 
SCK waiting state and the serial interrupt 
request flag is set simultaneously. 


When the internal transfer clock is selected, 
the transfer clock output triggered by the 
execution of an STS instruction, and it stops 
after 8 clocks. 





Tabie &. Seriai interrupt Request Fiag 


Interrupt 
Serial Interrupt Request Flag Request 
0 No 
1 Yes 


Table 9. Serial Interrupt Mask 


Interrupt 
Serial Interrupt Mask Request 
0 Enable 
1 Disable (mask) 


mwit.1 an le i a ey -_ ae - , W San ee 
apie 1V. DNeTIal LILETIAaCe Upelauull WwiuUus 


SMR3 PMR1 PMRO Serial Interface Operating Mode 











1 O 0 Clock continuous output mode 
1 O 1 Transmit mode 
1 1 O Receive mode 





Transmit/receive mode 


Transfer Clock PLL LLP LL 


Serial Output Data 





1 2 3 4 5 6 7 
i f ' ' ' ' 1 
i i l i i i " i 


8 





Serial Input Data 
Latch Timing 


Figure 10. Serial Interface I/O Timing Chart 
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Transfer Clock Errors Detection Exam- 
ple: The serial interface functions abnormally 
when the transfer clock is disturbed by 
external noises. Transfer clock errors can be 
detected by the procedure shown in figure 
12. 


If more than 8 transfer clocks occur in the 


Note: Change PMR means the operation 
mode changes as below: 


Clock > Transmit Mode s 
Continuous * Receive Mode STS Waiting State 


Output Mode |} | - Transmit/Receive (Ce Counter =000 ) 


Transfer Clock Disable 


SCK waiting state, the state of the serial 
interface shifts as follows: first, transfer state, 
second, SCK waiting state and third, transfer 
state again. The serial interrupt flag should 
be reset before entering into the STS state by 
writing data to SMR. This procedure sets the 
serial IRF again. 


Change PMR (Note) 


Transfer Clock 


SCK Waiting State 


Transfer State 


8 Transfer Clocks, 


(Octal Counter =O000) 


STS Instruction 


(Octal Counter + O00) 


(IFS<-1) 





Figure 11. Serial Interface Operation State 


Transmit/Receive 


(IFS<-1) 


Interrupt 
Disable 


Write to 
SMR 





Transfer Clock 
Error Processing = | 


Figure 12. Transfer Clock Error Detection Example 
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Timer 


The MCU contains a prescaler and two timer/ 
counters (timer A, timer B). See figure 13. The 
prescaler is an 11-bit binary counter, timer A 
an 8-bit free-running timer/counter, and 
timer B an 8-bit auto-reload timer/event 
counter. 


Prescaler: The input to the prescaler is the 
system clock signal. The prescaler is initial- 
ized to $0000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer A, timer B, and the serial inter- 
face. The prescaler divide ratio is selected by 
timer mode register A (TMA), timer mode 
register B (TMB), or the serial mode register 
(SMR). 


Timer A Operation: After timer A is initial- 
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A becomes $FF, it 
generates an overflow and becomes $00. This 
overflow causes the timer A interrupt request 


Timer Mode Register B 
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flag (IFTA: $001 bit 2) to go to 1. This timer 
can function as an interval timer periodically 
generating overflow output at every 256th 
clock signal input. 


The clock input signals to timer A are 
selected by timer mode register A (TMA: 
$008). 


Timer B Operation: Timer mode register B 
(TMB: $009) selects the auto-reload function, 
input clock source, and the prescaler divide 
ratio of timer B. When the external event 
input is used as an input clock signal to timer 
B, select R33/INT; as INT; and set the external 
interrupt mask (IM1) to prevent an external 
interrupt request from occurring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 
reload function is selected timer B is initial- 
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 


Internal Bus Line 


TMB tbe TL (4 bit) 
Timer Latch 
eg. 
INT, Ree 
TCB (8 bit) 
MPX 


Timer B Timer/Event Counter B 


TLR (8 bit) 
I Timer Load Register 


TBOF + IFTB 


Interrupt 
Request Flag 
of Timer B 


N 
«|. 


System Prescaler (11 bit) 
Clock 


Internal Bus Line (S2) 


CPTA TCA (8 bit) TAOF IETA 
Timer Counter A 


Interrupt 
Request Flag 
of Timer A 


Timer A MPX 


TMA (3 bit) 


Timer Mode Register A 


Figure 13. Timer/Counter Block Diagram 
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$002 bit 0) will be set at this overflow output. 


Timer Mode Register A (TMA: $008): 
Timer mode register A is a 3-bit write-only 
register. The TMA controls the prescaler 
divide ratio of timer A clock input, as shown 
in table 11. The timer mode register A is 
initialized to $0 by MCU reset. 


Timer Mode Register B (TMB: S009): 
Timer mode register B (TMB) is a 4-bit write- 
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 12. The timer mode register B is initial- 
ized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Timer B should be 
initialized by writing data into the timer load 
register after the contents of TMB are chan- 
ged. Configuration and function of timer 
mode register B is shown in figure 14. 


PMR:$ 004 


Timer B (TCBL: SOOA, TCBU: SOOB, TLRL: 
S00A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 


The timer/event counter can be initialized by 
writing data into the timer load register. 
Write the low-order digit first, and then the 
high-order digit. The timer/event counter is 
initialized when the high-order digit is writ- 
ten. The timer load register is initialized to 
$00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 


SMR:§ 005 


Transfer clock selection 
R4./SCK pin mode selection 


il 
— 


R4./SO pin mode selection 


R4,/SI pin mode selection 
R3./INTo pin mode selection 


R33/INT, pin mode selection 


TMA:$ 008 


> frm rasan 

TMA2I1TMATITMAOQ 

xX 
ee | 


TMB:$ 009 


TMB3/TMB2ITMB1ITMBO 
a 
ae Timer B input clock selection 
Auto-reload function selection 


Timer A input clock selection 





Figure 14. Mode Register Configuration and Function 
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Timer A Interrupt Request Flag (IFTA: 
$001 Bit 2): The timer A interrupt request 
flag is set by the overflow output of timer A 
(table 13). 


Timer A Interrupt Mask (IMTA: $001 Bit 
3): The timer A interrupt mask prevents an 


interrupt request from being generated by 
the timer A interrupt request flag (table 14). 


Table 11. Timer Mode Register A 


TMA2 TMA1 TMAO Prescaler Divide Ratio 








O 0 O + 2048 

0 0 1 + 1024 ; 

6) 1 @) + 512, 

O 1 1 + 128 

1 0 0 a 32 

1 0 1 = 8 

1 1 0 = 4 

1 1 1 = 2 a 
Table 12. Timer Mode Register B 

TMB3 Auto-reload Function 

O No 

1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 
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Timer B Interrupt Request Flag (IFTB: 
$002 Bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 15). 


Timer B Interrupt Mask (IMTB: $002 Bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 16). 


Table 13. Timer A Interrupt Request 


Flag 


Timer A Interrupt 


Request Flag interrupt Request 


O No 





1 Yes 


Table 14. Timer A Interrupt Mask 


Timer A Interrupt Mask Interrupt Request 


O Enable 
1 Disable (Mask) 
Table 15. Timer B Interrupt Request 


Flag 


Timer B Interrupt 


Request Flag Interrupt Request 


O No. 


1 Yes 


Table 16. Timer B Interrupt Mask 


Timer B Interrupt Mask Interrupt Request 


0 0 0 + 2048 
Soa 0 Enable 
6) 8) 1 + 512 spe Se ae See 
1 Disable (Mask) 

0 1 0 + 128 

8) 1 1 + 32 

1 0 0 + 8 

1 0 1 + 4 

1 1 0 + 2 

1 1 1 INT; (External Event Input) 
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Input/Output 


The MCU has 58 I/O pins, 32 standard and 26 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
pull-up MOS (NMOS open drain); and one of 
two circuit types can be selected for each 
high-voltage pin: with pull-down MOS and 
without pull-down MOS (PMOS open drain). 
Since the pull-down MOS is connected to the 
internal Vaisp line, Vaisp Must be selected for 
the RA:/Vaisp pin via mask option when with 
pull-down MOS option is selected for at least 
one high-voltage pin. See table 17 for I/O pin 
circuit types. 


When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 18. 


Output Circuit Operation of Standard 


Pins With Pull-Up MOS: In the standard 
pin option with pull-up MOS, the circuit 
shown in figure 15 is used to shorten rise time 
of output. 


When the MCU executes an output instruc- 
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps the PMOS in the 
on state for one-eighth of the instruction 
cycle time. While the write pulse is 0, a high 
output level is maintained by the pull-up 
MOS (C). 


When the HLT signal becomes O in stop 
mode, MOS (A) (B) (C) turn off. 


D Port: I/O port D has 16 discrete I/O pins, 


each of which can be addressed indepen- 
dently. It can be set/reset through SED/RED 
and SEDD/REDD instructions, and can be 
tested through TD and TDD instructions. See 
tables 17 and 18 for the classification of stan- 
dard pin, high-voltage pin, and the I/O pin 
circuit types. 


R Ports: The eleven R ports in the 
HD404019/HD4074019 are composed of 36 
I/O pins, and 6 input-only pins. Data is input 
through LAR and LBR instructions and out- 
put through LRA and LRB instructions. The 
MCU will not be affected by writing into the 
input-only and/or non-existing ports, while 
invalid data will be read when the output- 
only and/or non-existing ports are read. 


The R32, R33, R40, R41, and R42 pins are multi- 
plexed with the INTo, INT:, SCK, SI, and SO 
pins respectively. See tables 17 and 18 for the 
classification of standard pins, high-voltage 
pins and selectable circuit types of these I/O 


pins. 


Unused I/O Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 


High-voltage pins: select without pull-down 
MOS (PMOS open drain) via mask option and 
connect to Vcc on the printed circuit board. 


Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 


R4.0/SCK and R42/SO should be used as R4o 
and R42 by serial mode register and port 
mode register respectively. 
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Table 17. I/O Pin Circuit Types 
Without Pull-Up MOS With Pull-Up MOS Applicable 
ihre sista ee CMOS (Cc) re 
(NMOS Open Drain) (A) {B) Pins 
rere Do—D3 
HLT Input ALT Input HLT Input = 
data data va data nee tees 
1/0 Vcc {Vcc ulee _ R49— R43 
Common ACT HLT R5o—-R53 
Pins Output Output} R6o—R6 
” Pe ae ee data 7 : 
£ data R70—-R/73 
a. 
- i : | R80—- R83 
© 
os 
ro 
© 
w 
7) Vec 
Input eee 
i ALT FET Dolby R9o-R 
ene down tp oe “THLT{Yoinput ee 
VL “— deta 
































Table 17. I/O Pin Circuit Types (cont) 
Without Pull-Down MOS : 
; With Pull-Down MOS (E) 
(PMOS Open Drain) (D) 
1/O 
Common 
Pins 
“ 
£ 
= = 
e pes 
= HLT ; 
o _ input 
> | Input HLT input data 
) Pins data Vec 
BS V disp 
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Applicable 


Pins 


D4a-Di5 

ROo— RO3 
R19o—-R13 
R29—-R23 
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Table 17. I/O Pin Circuit Types (cont) 


S NM : ‘ 
Without Pull-Up MOS (NMOS Open Drain) With Pull-Up MOS (B) pEpecetie 
jor CMOS (A or C) Pins 


SCK 


HLT + 
HLT +mode select mode select} ——— 


internal SCK internal SCK 


” 
f& 
a 
D 

an 

Gs] 
3 

c 
s 
” 





Notes: 1. Inthe stop mode, HLT signal is O, HLT signal is 1 and I/O pins are in high impedance state. 


2. If the MCU is interrupted by serial interface in the external clock input mode, the SCK 
terminal becomes input only. 
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Table 18. Data Input from Input/Output Common Pins 
1/O Pin Circuit Type Input Possible Input Pin State 
Standard Pins CMOS No — 


Without pull-up MOS 


; Yes 1 
(NMOS open drain) 
With pull-up MOS Yes 1 
High Voltage Pins Without pull-down MOS y 0 
es 
(PMOS open drain) 
With pull-down MOS Yes 0 





__ ft L_write pulse 
Pull-up MOS (C) LY 4m (B) i rea 


NMOS (A) 
Data 


MOS On Resistance Value 
Buffer 
A 






approx. 1 kQ 


approx. 30kQ to 160 kO 
(Voc = 5 V) 







1 Instruction cycle 


Output instruction execution 
Write pulse re — 


Figure 15. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Reset instructions cycles are required for the MCU 
to be reset. . 

Bringing the RESET pin high resets the MCU. 

At power-on, or when cancelling stop mode, Table 19 shows the parts initialized by MCU 

the reset must satisfy trc for the oscillator to reset, and the status of each. 


stabilize. In all other cases, at least two 





Table 19. Initial Value After MCU Reset 
Initial Value by 


items MCU Reset 
Program Counter (PC) $0000 
Status (ST) 1 
Stack Pointer (SP) $3FF 
1/O Pin Standard Pin (A) Without Pull-Up 1 
Output Register MOS 

(B) With Pull-Up 1 

MOS 
(C) CMOS 1 


High-Voltage (D) Without Pull- O 





Pin Down MOS 
(E) With Pull- @) 
Down MOS 
Interrupt Flag Interrupt Enable Flag (1/E) O 
Interrupt Request Flag (IF) 0 
Interrupt Mask (IM) 1 


Mode Register Port Mode Register (PMR) 0000 
Serial Mode Register (SMR) OOOO 
Timer Mode Register A (TMA) OOO 
Timer Mode Register B (TMB) OOOO 

Timer/Counter Prescaler $000 
Timer/Counter A (TCA) $00 
Timer/Event Counter B (TCB) $00 


Timer Load Register (TLR) $00 
Octal Counter OOO 
@ HITACHI 


Contents 


Execute program from the top of ROM 
address 


Enable to branch with conditional branch 
instructions 


Stack level is O 


Enable to input 


Enable to input 


Enable to input 


Enable to input 


Inhibit all interrupts 

No interrupt request 
Mask interrupt request 
See port mode register 
See serial mode register 
See timer mode register A 


See timer mode register B 
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Table 19. 


item 

Carry 

Accumulator 

B Register 

W Register 

X/SPX Registers 
Y/SPY Registers 
Serial Data Register 


RAM 


(CA) 

(A) 

(B) 

(W) 
(X/SPX) 
(Y/SPY) 
(SR) 


HD404019/HD4074019 


Initial Value After MCU Reset (cont) 


After recovering from STOP 
mode by MCU reset 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 


The contents of RAM _ before 
MCU reset (just before STOP 
instruction) are retained. 


© HITACHI 


After MCU reset except for 
the left condition 

The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 
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Internal Oscillator Circuit lator can be selected as the oscillator type. 

Refer to table 20 to select the type. In addi- 
Figure 16 outlines the internal oscillator cir- tion, see figure 17 for layout of the crystal or 
cuit. Crystal oscillator or ceramic filter oscil- ceramic filter. 


Oscillator 


Divider Timing 


circuit generator 
1/4 circuit 





Figure 16. Internal Oscillator Circuit 





Figure 17. Layout of Crystal and Ceramic Filter 
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Table 20. Examples of Oscillator Circuits 


Oscillator 












External Clock 
Operation 






OSC: 






Open 







OSC2 












Ceramic filter 
CSA4.00MG 
(Murata) 

Re 1 MQ + 20% 
Ci: 30 pF + 20% 
Cz: 30 pF + 20% 


Ceramic Filter 
Oscillator 











Ceramic 
filter 



















nw srabnl rn 


om 2 EE om ow = - A 
wi youd: wourlnatul ni ike ea 


Ci: 10-22 pF + 20% 

Cz: 10-22 pF + 20% 

Crystal: equivalent to circuit shown 
Co 7 pF max. 

Rs: 100 0 max. 

f: 1.0—4.5 MHz 






osc; 
Crystal 
CosSRr: 
OSC2 
C2 


GND 


AT cut parallel 
resonance crystal 


oscief i eRe Pose 


Co 











Notes: 1, Since the circuit constants change according to the crystal and ceramic filter resonator and 
stray capacitance of the board, please consult with the engineers of crystal or ceramic filter 
maker to determine the circuit parameter. 

2. Wiring between OSC;,, OSC2, and elements should be as short as possible, and never cross 
other wiring. Refer to figure 1/7. 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
21). Figure 18 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 





Table 21. Low Power Dissipation Mode 


Condition Standby Mode 
Instruction SBY instruction 
Oscillator circuit Active 
Instruction execution Stopped 
Register, flag Retained 
Interrupt function Active 

RAM Retained 


input/output pins 


Timer/counter, serial Active 


interface 
Recovery method 


Notes: 
flags and registers. 


Retained (note 2) 


RESET input, interrupt request 


tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts, timer/counter and _ serial 
interface working. On the other hand, the 
CPU stops since the clock related to the 
instruction execution stops. Registers, RAM, 
and I/O pins retain the states they were in 
just before the MCU went into standby mode. 





Stop Mode 
STOP instruction 
Stopped 
Stopped 

Reset (note 1) 
Stopped 
Retained 

High impedance 


Stopped 


RESET input 


1. The MCU recovers from stop mode by RESET input. Refer to table 19 for the contents of 


2. As I/O circuits are active, an I/O current may flow in standby mode, depending on the 
state of the I/O pins. This is an additional current added to the standby mode current 


dissipation. 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 when an interrupt 
request asserted, the interrupt is executed, 
while if it is 0, the interrupt request is put on 
hold and normal instruction execution con- 
tinues. In the latter case, the MCU becomes 
active and executes the next instruction fol- 
lowing the SBY instruction. 


Figure 19 shows the flowchart of the standby 
mode. 


Stop Mode: Executing a STOP instruction 


HD404019/HD4074019 


brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 20, 
reset input must be applied for at least tro for 
oscillation to stabilize. (Refer to AC Charac- 
teristics table.) After stop mode is cancelled, 
RAM retains the state it was in just before the 
MCU went into stop mode, but the accumu- 
lator, B register, W register, X/SPX registers, 
Y/SPY registers, carry, and serial data register 
may not retain their contents. 


Active 


Standby 


=0 


on 
Liu 
Y) 
ud 
ce 





Figure 18. MCU Operation Mode Transition 
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Oscillator Active 

Peripheral Clock 

Active - 

All Other Clocks 
| Stop 


<p 
a 4 ae 
& Sl 
a: 


Restart Restart 
Processor Clocks Processor Clocks 


No 


Yes (C) 


(A) (B) 
Instruction Accept 


Figure 19. MCU Operating Flowchart in Standby Mode 





| Stop mode | 
oseittor TIM = A 
=) 
Internal clock 


RESET 


| tres | 


STOP instruction execution (more than stabilization time: trc) 





Figure 20. Timing Chart of Recovering from Stop Mode 
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PROM Mode Pin Description 


Table 22 and figure 21 describe the pin func- 
tions in PROM mode 


Table 22. PROM Mode Signals 











Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode 
oe FP-64B Symbol 1/O Symbol 1/0 nespeb FP-64B Symbol 1/O Symbol 1/0 
1 59 D114 1/O Vec 33 27 R4/SCK (/O O4 1/O 
2 60 Dio 1/0 34 28 R4,/SI I/O Os 1/0 
3 61 Di3 1/O 35 29 R42/SO JO Os 1/O 
4 62 Di4 1/O 36 30 R43 /O O7 1/O 
5 63 Dis 1/0 37 31 R7o WO CE | 
6 64 ROo /O Ay | 38 32 R71 JO OE | 
7 1 RO; VO Ad | 39 33 R72 /O 
8 2 RO» 1/O A3 | 40 34 R73 /O 
9 3 RO3 1/O Aa | 41 35 R80 \/O 
10 4 R109 1/O As | 42 36 R8; /O 
11 5 R14 (0 Ag 43 37 R82 /O 
12 6 R12 VO Ay 44 38 R83 /O 
13 7 R13 1/O Ag | 45 39 R9o | Vep 
14 8 R20 1/O Ao I 46 40 RQ; | Ag | 
15 9 R2, /O = Aro | 47 41 RQ» | Mo | 
16 10 R22 VO Aa | 48 42 R93 | Mi | 
17 11 R23 VO Az 49 43. RESET | RESET | 
18 12. RAo | Vec a 50 44 TEST | TEST | 
19 13. RAy | o1 45 OSC: | 
20 14 R30 1/O Ai3 | 52 46 OSCo2 O 
21 15 R3, 1/O Ria | 53 47 GND GND 
22 16 R3./INTo 1/0 54 48 Do JO Oo i/O 
23 17. —-R33/INT, «1/0 55 49 Dy, /O Or \/O 
24 18 R50 \/O 56 50 D2 VO O2 /O | 
25 19 RB, 1/O 57 51 Ds /O Oz 1/0 
26 20 R5> \/O 58 52 D4 /O 
27 21 R53 1/0 59 53 Ds I/O 
28 22 R60 1/0 60 54 De 1/O 
29 23 RG, \/O 61 55 D7 /O —_ 
30 24 R6> \/O 62 56 Deg /O 
31 25 R63 \/O 63 57 Dg /O 
32 26 Vec Vec 64 58 Dio /O Vec 


Note: 1/O: Input/Output Pins 
1: Input Pins 
O: Output Pins 
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Vpp (Program Voltage): Vep is the input for 
the program voltage (12.5 V + 0.3 V) for 
programming the PROM. 


CE (Chip Enable): CE input programs and 
verifies internal PROM. 


OE (Output Enable): OE is the data output 
control signal for verify input. 


(DP-64S, DC-64S) 
(Top View) 


an O7uoebe whrd ~ 


Figure 21. PROM Mode Pin Arrangement 


Ao— As (Address Bus): Ao— Ais are address 
input pins for internal PROM. 


Oo—O7 (PROM Data Bus): Oo—O7 are the 
data bus for internal PROM. 


Mo, Mi (Mode): Mo and M; set PROM mode. 
PROM mode is set when Mo, Mi, and TEST 
pins are low level and RESET pin is high level. 





~ HD4074019 


(FP-64B) 
(Top View) 


HD4074019 


(Top View) 


G: GND (Vss level) 
No mark: Open 
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Programmable ROM Operation 


The HD4074019’s on-chip PROM is pro- 
grammed in PROM mode (figures 22-24). 
PROM mode is set by bringing TEST, Mo, and 
M; low, and RESET high as shown in figure 
22. In PROM mode, the MCU does not oper- 
ate. It can be programmed like a standard 
27256 EPROM using a standard PROM pro- 
grammer and a 64-to-28-pin socket adapter. 
Table 24 lists recommended PROM pro- 
grammers and socket adapters. 





Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series 
microcomputer incorporate conversion circuit 
to use a general perpose PROM programmer. 
By this circuit, an instruction is read or pro- 
grammed using 2 addresses, lower 5 bits and 
upper 5 bits as shown in figure 23. For 
example, if 8 kwords of on-chip PROM are 
programmed by a general purpose PROM 
programmer, 16 kbytes of addresses ($0000- 
$3FFF) should be specified. 


Programming And Verification 


The HD4074019 can be high-speed pro- 
grammed without causing voltage stress or 
affecting data reliability. 


Table 23 shows how programming and veri- 
fication modes are selected. 


Figure 24 is a programming flowchart, and 
figure 42 is a timing chart. For precautions on 
PROM programming, refer to Precautions and 
On-Chip EPROM reliability after programing. 


Erasing 
PROMs in ceramic window packages can be 
erased by ultraviolet light. All erased bits 


become ls. 


Erasing conditions are: ultraviolet (UV) light 
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with wavelength 2537A with a minimum 
irradiation of 15W-s/cm?. These conditions 
are satisfied by exposing the LSI to a 12,000 
uW/cm’ UV source for 15-20 minutes, at a 
distance of 1 inch. 


Precautions 


1. Addresses $0000 to $7FFF should be speci- 
fied if the PROM is programmable by a 
PROM programmer. Note that the plastic 
package type cannot be erased and repro- 
grammed. (Ceramic window packages can 
be erased and reprogrammed by ultraviolet 
light.) Data in address space beyond $8000 
must be set to $FF. 


2. Be careful that the PROM programmer, 
socket adapter and LSI match. Using the 
wrong programmer of socket adapter may 
cause an overvoltage and damage the LSI. 
Make sure that the LSI is firmly fixed in 
the socket adapter, and that the socket 
adapter is firmly fixed in the programmer. 


3. The PROM should be programmed with 
Vpp=12.5 V. Other PROMs use 21 V. If 21 V 
is applied to the HD4074019, the LSI may 
be permanently damaged. 12.5 V is Intel’s 
27256 Vpp. 


On-Chip EPROM Reliability after Pro- 
gramming 


Generally, semiconductors are reliable except 
for initial failures. Parts can be screened to 
avoid failures. Exposure to high temperature 
is a kind of screening which removes PROM 
memory cells with data hold failures in a 
short time. This is done to the ZTATs in the 
wafer stage, so ZTAT data hold charcteristics 
are high. Exposing the LSI to 150°C after user 
programming can effectively upgrade these 
characteristics. Figure 25 shows the recom- 
meded screening flow. 
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Address 


Ao—Ai4 





Figure 22. PROM Mode Function Diagram 


$0000 {])}) 1 1 1 bit4 bit3 biIt2 —sbitl ~—sbitO ee: JMPL Instruction 
$0001 HH{i] 1, 1 1 bt9 bt , bit? . bie. bitS | Upper Sbits | 20000 (Jump to RESET Routine) 


Vector Address JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 


(Jump to INT; Routine) 
Zero-Page Subroutine 


(64 Words) JMPL Instruction 
ords 


(Jump to TIMER A Routine) 


JMPL Instruction 
$003F (Jump to TIMER B Routine) 


$0040 
Pattern 


ee Ores] JMPL Instruction 
(Jump to SERIAL Routine) 
SOFFF 


$1000 
Program 


(16384 Words) 


(Note) 


ee nh 
Three bits are not used. 
(Set to 171) 


Note: When this address space is read. $FF is output. 





Figure 23. PROM Mode Memory Map 
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Table 23. PROM Mode Selection Table 24. PROM Programmers and 


Socket Adapters 

Pin 
Mode CE OE Vpp Q-0O, PROM Programmer Socket Adapter 
Programming Low High Vpp_ Data input Maker Type name Maker Type name 
ee Oe, Ca, ste wet ea ee ade DATA l1/O 22B Hitachi TBD 
Verify High Low  Vpp_ Data output 9B 
Programming High High Ver {nJedance AVAL Corp PKW-1000 Hitachi TBD 

~ > PKW-7000 


Set Prog./Verify Mode 
Vpp = 12.5403 V, Veco = 6.040.25 V 


Address = 0 


Program tpw = 1ms+ 5% 


<verity > Address + 1 — Address 
Go 


Program topw = 3n ms 


Last No 
Address ? 


Set Read Mode 
Vee = 50+055 V, Vpp = Vec +06V 


Read 
All Address 


Go 





Figure 24. PROM Programming 
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Note: 


320 


Programming 
Verification 


Exposure in high temperature 
without applying any power 
150°C + 10°C, 48 Hr + 8-Hr* 
— OHr 


Confirmation of reading 
Vec = 4.5 Vor5.5V 


* Exposure time is the time after the tempera- 
ture in heater 150°C. 














lf programming erros occur continuously during programming with one PROM 
programmer, stop programming .and check the PROM programmer or socket 


If trouble occurs in verification after programming, or after exposure to high tempera- 
tures, please inform a Hitachi engineer. 


Figure 25. Recommended Screening Flow 
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Addressing Mode 
RAM Addressing Mode 


As shown in figure 26, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instructions 


The MCU has four kinds of ROM addressing 
modes, as shown in figure 27. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with the 
14-bit immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


When BR is on a page boundary (256n + 255) 
(figure 28), executing a BR instruction trans- 
fers the PC contents to the next page, due to 
the hardware architecture. Consequently, 
the program branches to the next page when 
the BR is used on a page boundary. The 
HMCS400 series cross macro assembler has 
an automatic paging facility for ROM pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low- order six bits of 
the program counter (PCs to PCo) and Os are 
placedin the high-order eight bits (PCi3 to PC¢). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 


the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 29). When bit 8 in the 
referenced ROM data is 1, 8 bits of ROM data 
are written into the accumulator and B regis- 
ter. When bit 9 is 1, 8 bits of ROM data are 
written into the R1 and R2 port output regis- 
ter. When both bits 8 and 9 are 1, ROM data 
are written into the accumulator and B regis- 
ter and also to the R1 and R2 port output 
register at the same time. 


The P instruction has no effect on the pro- 
gram counter. 
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W Register X Register Y Register 


Ce ee Ne ee a Ne ek Ne 


Register Indirect Addressing 






RAM Address 


Instruction 1st Word Instruction 2nd Word 





Direct Addressing 


Instruction 


ee ee nee Nee ee ee te ae Pe ee ee ee ap 


Memory Register Addressing 






RAM Address 


Figure 26. RAM Addressing Modes 
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(JMPL) 
(BRL) 


(CALL) 


Instruction 1st Word Instruction 2nd Word 









Program Counter}PCi3 PC12 PC11 PC1o PCa PCs PC? PCe6 PCs PCa PC3 PC2 PCi PCo 


Direct Addressing 


Instruction 






Program Counter |PCi3 PCi2 PC11 PC10 PCa PCa PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Current Page Addressing 


Instruction 





Program Counter |PC13PC12PC11 PCio PCs PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Zero Page Addressing 


Instruction 


Program Counter|PCi3PC12 PC11 PCio PCa PCs PC7 PCe PCs PCa PC3 PCz2 PC: PCo 





Table Data Addressing 


Figure 27. ROM Addressing Modes 


© HITACHI 
Hitachi America Ltd. « Hitachi Plaza 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 323 





HD404019/HD4074019 


256(n—1) + 255 
256n 


AAA NOP 


256n + 254 
256n + 255 
256(n + 1) 


BBB NOP 





Figure 28. BR Instruction Branch Destination on Pages Boundary 


Instruction 


Opcode 


Referred ROM Address |RAi3 RAi2 RA1:RAi0RA 9 RAs RA? RAs RAs RAs RA3 RA2 RA: RAo 


Address Designation 


ROM Data ROs ROs RO7 ROs ROs RO« RO3s ROz RO: ROo 


Accumulator, B Register|B3 Be B: Bo] A3 A2 Ai Ao If ROs=1 


i 
ROs ROg RO7 ROs ROs ROs RO3z RO2 RO: ROo 


Output Register R1, R2 |}R23 R22 R21 R20} R13 R12 R11 Rilo If ROo=1 


Pattern 





Figure 29. P Instruction 
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Instruction Set 


The HD404019, HD4074019 provides 101 
instructions which are classified 


groups as follows: 


into 10 


Compare instructions 


ROM address instructions 


6. 
7. RAM bit manipulation instructions 
8 
9 


Input/output instructions 





1. Immediate instructions 10. Control instructions 
2. Register-to-register instructions 
3. RAM address instructions Tables 25-34 list their functions, and table 35 
4. RAM register instructions is an opcode map. 
5. Arithmetic instructions 
Table 25. Immediate Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI | 1000 1 1 ig i2 14 i9 I-A 1/1 
Load B from Immediate LBt i 1000 0 O ig ig i} in 1 > B 1/1 
Load Memory from LMID i,d 0110 1 O ig i2 iy in I> M 2/2 
immediate dg dg d7 de ds dy d3 do d; do 
Load Memory from LMI i 101 00 1 i3 ig iy ip iM, Y+1-Y NZ 1/1 
Immediate, Increment Y 
Table 26. Register-to-Register Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 BHA 1/1 
Load B from A LBA 00110031000 A-~B 1/1 
Load A from W LAW 0100000000 wia 2/2 

000000000 0 (Note) 

Load A from Y LAY 0010310111 1 YA 1/1 
Load A from SPX LASPX 00011031000 SPX-A 1/1 
Load A from SPY LASPY 0001011000 j%SPY~A 1/1 
Load A from MR LAMR m 10011 1mmmm MR(m)—-A 1/1 
Exchange MR and A XMRA m 10% 1 1 1 mmmm MRim)-A 1/1 


Note: 
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Table 27. RAM Address Instructions 


Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load W from Immediate LWI i 001113100 % i9 t7>W | 1/1 
Load X from Immediate LXI i 10001 O ig ig iy ip i> X 1/1 
Load Y from Immediate LYI i 1000 0 1 ig ig i1 in I~ Y 1/1 
Load W from A LWA 0100010000 ylw 2/2 

0000000000 (Note) 

Load X from A LXA 0011101000 A~X 1/1 
Load Y from A LYA 0011011000 AY 1/1 
Increment Y lY 0001011100 Y+1-Y NZ 1/1 
Decrement Y DY 00110%%111 1 =Y-1-Y NB 1/1 
Add A to Y AYY 00010310100 YtA—Y OVF 1/1 
Subtract A from Y SYY 0011010100 Y-A-Y NB 1/1 
Exchange X and SPX XSPX 0000000001 X-~SPXx 1/1 
Exchange Y and SPY XSPY 0000000010 Y-+ SPY 1/1 
Exchange X and SPX,Y XSPXY 000000001 1 X+SPX, Y~SPY 1/1 
and SPY 


Note: An operand is provided for the second word of LAW and LWA instruction by the assembler 
automatically. 
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Table 28. RAM Register Instructions 








Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Memory LAM(XY) 00100100 y x M 2A, (X--SPX, 1/1 
Y-SPY) 
Load A from Memory LAMD d 0110010000 M~A 2/2 
dg dg d7 dg ds d4 d3 do dj do 
Load B from Memory LBM(XY) 00010000 y x M-~-B, (KX-SPX, 1/1 
Y—SPY) 
Load Memory from A LMA(XY) 00100101 y x A-~M, (K—SPX, 1/1 
Y-SPY) 
Load Memory from A LMAD d 011003103100 A--M 2/2 
dg dg d7 dg ds dq d3 d2 dd; do 
Load Memory from A, LMAIY(X) 0001031000 x A--M, Y+1-*¥ NZ 1/1 
increment Y (X—-SPX) 
Load Memory from A, LMADY (xX) 00131031000 x A-M, Y-1-+Y NB 1/1 
Decrement Y (X—SPX) 
Exchange Memory and A XMA(XY) 00100000 y x MHA, (X-SPX, 1/1 
Y-SPY) 
Exchange Memory and A XMAD d 0110000000 MHA 2/2 
dg dg d7 dg ds d4 d3 do di do 
Exchange Memory and B XMB(XY) 00110000 y x MB, (X-SPX, 1/1 
Y-SPY) 


Note: (XY) and (X) have the following meaning: 
1. The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 
LAM (XY) is given below). 
The op-code X or Y is assembled as follows. 


Mnemonic y x Function 

LAM O 6) 

LAMX 0 1 X + SPX 

LAMY 1 0 Y ~ SPY 
LAMXY 1 1 X-SPX, Y~SPY 


2. The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 
The op-code X is assembled as follows. 


Mnemonic x Function 
LMAIY O 
LMAIYX 1 X «+ SPX 
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Table 29. Arithmetic Instructions 





| Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Add Immediate to A Al i 10100 O is ip i} in Ati~A OVF 1/1 
Increment B 1B 00010031100 B+1->8 NZ 1/1 
Decrement B DB 00110031111 ~B-1->8B NB 1/1 
Decimal Adjust for Addition DAA 0010100110 1/1 
Decimal Adjust for Subtraction DAS 00101031010 1/1 
Negate A NEGA 0001100000 At1—-A 1/1 
Complement B COMB 0101000000 B-B 1/1 
Rotate Right A with Carry ROTR 0010100000 1/1 
Rotate Left A with Carry ROTL 00103100001 1/1 
Set Carry SEC 0013110313411 1-CA 1/1 
Reset Carry REC 0011101100 0-~CA 1/1 
Test Carry TG 0001101411 ~=41 CA 1/1 
Add A to Memory AM 0000001000 MtA-~A OVF 1/1 
Add A to Memory AMD d 0100001000 MtA~-~A OVF 2/2 
dg dg d7 dg ds da d3 d2 d; do 
Add A to Memory with Carry AMC 0000011000 M+tA+CA-~A OVF 1/1 
OVF-CA 
Add A to Memory with Carry AMCD d 0100011000 M+t+A+CA~A OVF 2/2 
dg dg d7 dg ds dg d3 dg di dg OVF-CA 
Subtract A from Memory SMC 0010011000 M-A-CA-A NB 1/1 
with Carry NB-~CA 
Subtract A from Memory SMCD d 0110011000 M-A-CA~A NB 2/2 
with Carry dg dg d7 dg ds da d3 d2 di dg NB-CA 
OR A and B OR 0101000100 AUB~A 1/1 
AND Memory with A ANM 001001131100 ANM-A NZ 1/1 
AND Memory with A ANMD d 01100131100 ANM-A NZ 2/2 
dg dg d7 dg ds dq d3 d2 d} do 
OR Memory with A ORM | 0000001100 AUM-A NZ 1/1 
OR Memory with A ORMD d 0100001100 AUM-A NZ 2/2 
dg dg d7 dg ds dq d3 do d; do 
EOR Memory with A EORM 0000011100 A®M-A NZ 1/1 
EOR Memory with A EORMD d 0100011100 A®M-A NZ 2/2 
dg dg d7 dg ds dq d3 do d; do 
Note: NM : Logical AND 
U : Logical OR 


@ : Exclusive OR 
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Table 30. Compare Instructions 









































Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Immediate Not Equal INEM 1 000 0 1 O ig i2 it io i#M NZ 1/1 
to Memory 
Immediate Not Equal INEMD i,d 0100 1 O ig ig i Jip i«# M NZ 2/2 
to Memory dg dg d7 dg ds dq d3 do d; do 
A Not Equal to Memory ANEM 0000000100 A#M NZ 1/1 
A Not Equal to Memory AMEMD d 0100000100 A+M NZ 2/2 
dg dg d7 dg ds d4 d3 d2 d1 do 
B Not Equal to Memory BNEM 0001000100 B#M NZ 1/1 
Y Not Equal to Immediate YNEI i 0001 1 1 ig ig i Ig VY #i NZ 1/1 
Immediate Less or Equal ILEM i 000 0 1 1 i3 ig i; ig isM NB 1/1 
to Memory 
Immediate Less or Equal ILEMD i,d 0100 1 = 1 ig i2 14 19 isM NB 2/2 
to Memory dg dg d7 dg ds dq d3 do di do 
A Less or Equal to Memory ALEM 0000010100 As NB 1/1 
A Less or Equal to Memory ALEMD d 0100010100 As NB 272 
dg dg d7 dg ds dy d3 do dj do 
B Less or Equal to Memory BLEM 0011000100 B=sM NB 1/1 
A Less or Equal to Immediate ALE i 1010 1 1 i3 i2 14 I9 Asi NB 1/1 
Table 31. RAM Bit Manipulation Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Memory Bit SEM n 001000 0 1 nm 1 — M(n) 1/1 
Set Memory Bit SEMD n,d 0110000 1n 1% 1 — M(n) 2/2 
dg dg d7 deg ds dg d3 do d; do 
Reset Memory Bit REM n 0010001 0m 1% O —M(n) 1/1 
Reset Memory Bit REMD n,d 0110001 0m 1% O ~ M(n) 2/2 
dg dg d7 dg ds dg d3 do di do 
Test Memory Bit Tn 0010001 %1m 1% M(n) 1/1 
Test Memory Bit TMD n,d 0110001 1% 1% | M(n) 2/2 


dg dg d7 deg ds d4 d3 do d; do 
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Table 32. ROM Address Instructions 











Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 bg bs bg bg bz by bo 1 1/1 
Long Branch on Status 1 BRL u 0101 1 1 p3p2pi po 1 2/2 

dg dg d7 dg ds d4 d3 d2 di do 
Long Jump Unconditionally ©JMPLu 0101 0 1 p3p2Ppi1 po 2/2 
dg dg d7 de ds dq d3 d2 di do 
Subroutine Jump on Status 1 CAL a O 1 1 1 as a4 a3 a2 ay AO 1 1/2 
Long Subroutine Jump on CALL u O10 1 1 O p3p2 Pi Po ‘4 2/2 
Status 1 dg dg d7 de ds dg d3 d2 di do 
Table Branch TBR p 0010 1 1 p3p2)p1 Po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 0000010001 1 -1/E ST 1/3 
CA Restore 

Table 33. Input/Output Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete !/O Latch SED 0011100100 1 — D(Y) 1/1 
Set Discrete |/O Latch Direct SEDD m 10111 0mmm mm 1 — D(m) 1/1 
Reset Discrete 1/O Latch RED 0001100 1 0 0 O — D(Y) 1/1 
Reset Discrete |/O Latch Direct REDD m 1001 10m mm m 0 -+ D(m) 1/1 
Test Discrete !/O Latch TD 001313100000 D(Y) 1/1 
Test Discrete !/O Latch Direct TDD m 10101 O0mmm ™ D(m) 1/1 
Load A from R Port Register LAR m 10010 1mmm m R(m) -~ A 1/1 
Load B from R Port Register LBRm 10010 0m mm mm R(m) — B 1/1 
Load R Port Register from A LRAm 10110 1 mgm m m A — R(m) 1/1 
Load R Port Register from B LRBm 10110 0mm™m™ 1 B — R(m) 1/1 
Pattern Generation Pp 0110 1 1 p3 p2 pi Po 1/2 
Table 34. Control Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP o0000 00000 1/1 
Start Serial STS 0101310031000 1/1 
Standby Mode SBY 010310034100 1/1 
Stop Mode STOP 0101001101 | 1/1 
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Table 35. Opcode Map 


ee 
polo] 1|2/3/4/sj6[7/e/9lalelcloje|rlo|1|2/3]4/si6]7{alsjalalc|o/ ele | 
0 horsesex AM i a ol 
ae ee eae ae a. a. all 
? 
ae ee 













ra Manny 
ra vamoe | uwaoen fi ow fal 


\ 


iB TBR p(4) P p(4) 
XMB(XY) pum sa) 8 
UD {LMADYIx) SYY LYA DY 





ee 











[___}--1-word/2-cycle [_}--1-word/3-cycle [_]--RAM Direct Address {_|--2-word/2-cycle 
Instruction Instruction Instruction Instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 


item Symbol Value Unit Note 
Supply Voltage Vcc © -~ 0.3 to + 7.0 V 
Programming Voltage Vep - 0.3 to + 14 V 13 
Terminal Voltage Vr - 0.3 to Vcc + 0.3 V 3 
Vec ~— 42 to Vec + 0.3 V 4 
Total Allowance of Input Current = lo 50 mA 5 
Maximum input Current lo 15 mA 7,8 
Maximum Output Current — lo 4 mA 9,10 
6 mA 9, 11 
30 mA 9,12 
Total Allowance of Output Current — = Io 150 mA 6 
Operating Temperature Topr - 20 to + 75 nC _ 
Storage Temperature Tstg - 55to + 125 °C 


Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal 
operation should be under the conditions of Electrical Characteristics. If these conditions 
are exceeded, it may cause a malfunction or affect the reliability of LSI. 

. All voltages are with respect to GND. 

. Standard pins. 

. High-voltage pins. 

. Total allowance of input current is the total sum of input current which flows in from all 1/ 
O pins to GND simultaneously. 

. Total allowance of output current is the total sum of the output current which flows out 
from Vcc to all 1/O pins simultaneously. 

7. Maximum input current is the maximum amount of input current from each 1/O pin to 

GND. 

8. Do—D3 and R3—R8. 

9. Maximum output current is the maximum amount of output current from Vcc to each 1/O 

pin. 

10.Do—D3 and R3—R8. 

11.RO—R2. 

12.D4—Dis. 

13.Applied to HD4074019. 


o>) oO1& & fo 
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HD4074019 Electrical Characteristics 


DC Characteristics 
(Vcc = 5 V + 10%, GND = 0 V, Vaisp = Vcc — 40 V to Vcc, Ta = —20°C to + 75°C, unless 
otherwise noted.) 














item Symbol Pin Min Max Unit Test Condition Note 
Input High Vin RESET, SCK, 0.8 Vcc Vec + 0.3 V 
Voltage INTo, INT, 

OSC, Vec — 0.5 Vec + 0.3 V 

Sl 0.7Vcc Vec + 0.3 V 
Input Low Vib RESET, SCK,  -0.3 0.2Vcc Vv 
Voltage INTo, INT; 

OSC, -0.3 0.5 V 

Sl -0.3 0.3Vcc V 
Output High Voy SCK, Vec ~ 1.0 Vv —lon=1.0 mA 
Voltage SO 

Vec — 0.5 V —loy=0.5 mA 

Voltage SO 
Input/Output —| fy, | RESET, SCK, 1 uA Vin = OV to Vcc 1 
Leakage INTo, INT}, 
Current OSC;, SI, SO 
Current Icc Vec TBD mA Vec = 5V 2,5 
Dissipation in 
Active Mode 
Current Ispy Vec TBD mA Maximum logic 35 
Dissipation in operation 
Standby Mode Vec = 5 V 
Current Istop Voc TBD uA Vin(TEST) = Vcc -0.3Vto 4 
Dissipation in Vcc, Vin(RESET) = OV 
Stop Mode to0.3V 
Stop Mode Vstop Vec 2 V 


Retain Voltage 


Notes: 1. Excluding pull-up MOS current and output buffer current. 

2. The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state, operation mode 
- RESET, TEST: Vcc 
- Do-D3, R3—R9Y: Vec 
- Da-Dis, RO-R2, RAo, RA1: Vaisp 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
- MCU in standby mode 
- Input/output in reset state 
- Serial interface: Stop 
- RESET: GND 
. TEST: Vec 
- Do-D3, R3—R9Y: Vcc 
- Da-Di5, RO-R2, RAo, RAi: Vaisp 
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4. Excluding pull-down MOS current. 
>. Bs When. fosc-= * MHz, estimate. the current dissipation as follows: 
Max value @ x MHz = x/4 xX (max value @ 4 MHz) 


wee Output Characteristics for Standard Pin | | 
=5V + 10%, GND = OV, va = Vee = 40 V to Vcc, Ta = —20°C to + 75°C, unless 
Sthoraide noted.) | : | 


item Symbol Pin. Min Max Unit Test Conditions : Note 
Input High Vin Do-D3, 0.7Vcc Vec + 0.3 V 
Voltage R3-R5 
RQ 
Input Low Mi Do-D3, =O073 0.3Vcc V 
Voltage R3-R5 
RQ 
Output Low VoL Do-D3, 0.4 V lo. = 1.6 mA 
Voltage R3-R8 
Input/Output Hie! Do-D3, 1 uA Vin = OV to Vec 1 
Leakage Current R3-R8, R9;-R93 
R390 20 nA 
Note: 1. Pull-up MOS current and output buffer current are excluded. 


Input/Output Characteristics for High Voltage Pin 
(Vcc = 5 V + 10%, GND = 0 V, Vaisp = Vcc — 40 V to Vcc, Ta = —20°C to + 75°C, unless 
otherwise noted.) 





item Symbol Pin Min Max Unit Test Conditions Note 
Input High Vin D4-D15, 0.7 Vcc Vec + 0.3 V 
Voltage RO, R1, R2, 
RAg, RA, 
Input Low Vit D4-Di5, Vec — 40 0.3 Vcc V 
Voltage RO, R1, R2, 
RAg, RA 
Output High Vou D4-Di5 Vec — 3.0 V — lon = 15 mA, Veg = 5 V 
Voltage 7 
en. ov ‘= 'loq = 10: mA; Veo = 5 V 
Vee - 1.0 | V | ~ lon = 4 mA, Voc = 5 V 
ROR2 Vc-30 ° £4V. - lon = 3mMA, Voc = 5V 
Vee =" 2.0 V ~ lon = 2mMA, Vec = 5 V 
Vec - 1.0 V - lon = 0.8 mA, Vcc = 5 V 
Output Low VoL Da-Di5, Vec - 34 OV 150 kf to Voc - 40 
Voltage RO-R2 
Input/Output hi! D4-Dis, 26 uA Vin = Vec - 40-V, Vee | 
Leakage RO-R2, 
Current RAo, RA, 
Note: 1. Pull-down MOS current and output buffer current are excluded. 
© HITACHI 


334 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 





HD404019/HD4074019 





AC Characteristics 
(Vcc = 5 V + 10%, GND = 0 V, Vaisp = Vcc — 40 V to Vec, Ta = —20°C to + 75°C, unless 
otherwise noted.) 








Test 
item Symbol Pin Min Typ Max Unit Conditions Note 
Oscillation Frequency — fc. OSC;, OSC2 0.2 4 4.5 MHz divide by 4 
Instruction Cycle teye 0.89 1 20 us divide by 4 
Time . 
Oscillator Stabiliza- tac OSC;, OSC2 20 ms 1 
tion Time 
External Clock tcpH, OSC, 92 ns divide by 4 2 
High, Low tcpL 
Level Width 
External Clock Rise tcp, OSC, 20 ns 2 
Time 
External Clock Fall tcp, OSC, 20 ns 2 
Time 
INTo High Level tion INTo 2 eve 2 
Width 
INT o Low Level tio. INTo 2 teye 3 Fi 
Width 
INT; High Level ty INT; 2 tog 3 
Width 
INT, Low Level try INT; 2 teye 3 
Width 
RESET High Level testy RESET 2 teve 4 
Width 
Input Capacitance Cj, All pins exept R9o 30 pF f =1 MHz, 

Vin = OV 

RQo 180 pF 

RESET Fall Time trstt 20 ms 4 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage after power-on, or after RESET goes high. At power-on or 
STOP mode release, RESET must be kept high for at least tac. Since tac depends on the 
crystal or ceramic filter’s circuit constant and stray capacitance, please get the 
manufacturer’s advice when designing the RESET circuit. (See figure 30) 

. See figure 31. 

See figure 32. 

. See figure 33. 


PWN 
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Serial Interface Timing Characteristics 


(Vec = 5 V + 10%, GND = 0 V, Vaisp = Voc — 40 V to Vec, Ts = —20°C to + 75°C, unless 


otherwise noted.) 


item 
Transfer Clock 
Cycle Time 


Transfer Clock 
High, Low 
Level Width 
Transfer Clock 
Rise, Fall Time 


Transfer Clock 
Cycle Time 


Transfer Clock 
High, Low 
Level Width 
Transfer Clock 
END Detect 
High Level 
Width 


Transfer Clock 
Rise, Fall Time 


Serial Output Data 


Delay Time 


Serial Input Data 


Set-up Time 


Serial Input Data 


Hold Time 


Symbol 
tscyc - 


tscKH 
tScKL 


tsckr 
tsckf 


tscye 


tScKH 
tscKL 


tscKHD 


tsckr 
tsck¢ 
toso 


tss! 


tHsI 


Note: 1. See figure 34 
2. See figure 35 


Pin 
SCK 
(Output) 
(Output) 


SCK 


(Output) 
SCK 
(Input) 
SCK 
(Input) 


SCK 
(Input) 


SCK 
(Input) 
SO 

S| 


Sl 


Min Max 
1 
0.4 
40 
1 ; 
0.4 
1 
40 
300 
100 
200 
— @ HITACHI 


Unit Test Condition 


teye 


teye 


ns 


Teye 


teye 


teyc 


ns 


ns 


ns 


ns 
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Crystal oscillator Ceramic filter oscillator 


Ceramic 
filter 


Crystal: 4.194304 MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA 4.00 MG (Murata) 
Rr: 1MQ+ 20% Re: TMQ + 20% 
C,;: 22 pF + 20% C,;: 30pF + 20% 
Co: 22 pF + 20% C2: 30 pF + 20% 


Figure 30. Oscillator Circuit 








Figure 31. Oscillator Timing 


tion, tik trot, trie 





Figure 32. Interrupt Timing 





Figure 33. Reset Timing 
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~tscke 
SCR Vow 2.00 BVT LS al seals 
. (Note 1)0.8V (0.2V cc) tsckHD 
(Note 2) 


Notes: 1. Vcc -2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8Vcc and 0.2Vcc¢ are the threshold voltage for transfer clock input. 
2. After 8 clocks are transferred through SCK, at least tscxyp must pass before 
the next serial interface transfer clock comes into SCK. If the next transfer clock 
comes into SCK within tscxyp, the serial interface request flag can’t be set. 





Figure 34. Timing Diagram of Serial Interface 


Vec 


R,=2.6kQ 


1$2074@ 
or Equiv. 





Figure 35. Timing Load Circuit 
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HD404019 Electrical Characteristics 


DC Characteristics 


— 


(Vcc = 3.5 V to 6 V, GND = 0 V, Vaisp = Vec — 40 V to Vcc, Ta = —20°C to + 75°C) 


item 


Input High 
Voltage 


Input Low 
Voltage 


Output High 
Voltage 


Output Low 
Voltage 


Input/Output 
Leakage 
Current 


Current 
Dissipation in 
Active Mode 
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Symbol 


Vin 


Vit 


tan | 


lec 


Pin 


RESET, SCK 
INTo, INT 


S| 


OSC, 


RESET, SCK 
INTo, INT, 


Sl 
OSC, 


SCK, 
SO 


SCK, 
SO 


RESET, SCK 
INTo, INT1, 
SI, SO, 
OSC, 


Vec 


0.8Vcc 


0.7Vcc 


Vec — 0.5 


Max 


Vec + 0.3 


Vec + 0.3 
Vec + 0.3 


0.2Vcc 


0.3Vcc 


TBD 


@ HITACHI 


Unit 


V 


mA 


Test Condition 


— lon = 1.0 mA 


“lo a0. 5 im 


‘On 


lol = 1.6 mA 


A 
ra 


Vin = OV to Vec 


foso = 4 MHz, + 4 


Note 
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item Symbol Pin 
Current” aa iepy “e Wee , 
Dissipation in ate 0: oe 
Standby Mode | 

Current Istop Vec 
Dissipation in 

Stop Mode 

Stop Mode Vstop Vec 


Retain Voltage 


Notes: 1. 


Min o> Max . 


TBD” 
TBD 
2 


> Unit. 


mA 


nA 


Excluding pull-up MOS current and output buffer current. 


Test Condition. .  #£=\Note 
Vec = 5V; 3,5 
Tose = 4 MHz, +4 


Vin(TEST) = Veo - 0.3 Vito 4. 
Vcc: Vin(RESET) = 0 V to 
0.3 V 


V 


2. The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state, operation mode 


340 





- RESET, TEST: Vec 
* Do-D3, R3-RY9: Vec 


*- D4-Dis, RO-R2, RAo, RAi: Vaisp 


- Input/output in reset state 


- Serial interface: Stop 
- RESET: GND 


* TEST: Vec 


* Do-D3, R3-R9: Vec 


* D4-Dis, RO-R2, RAo, RA1: Vaisp 


. Excluding pull-down MOS current. 
. When fosc = x MHz, estimate the current dissipation as follows: 


Max value @ x MHz = x/4 x (max value @ 4 MHz) 7 


@ HITACHI 


. The timer/counter operates with the fastest clock. Input/output current does not flow. 
- MCU in standby mode 
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Input/Output Characteristics for Standard Pins 
(Vcc = 3.5 V to 6 V, GND = 0 V, Vaisp =Vec — 40 V to Vcc, Ta = —20°C to + 75°C) 





item Symbol Pin Min Typ (Max Unit Test Conditions Note 
Input High Vin Do-D3, 0.7Vec Vec + 0.3 V 
Voltage R3-R5, 
R9 
Input Low Vit Do-D3, -0.3 0.3Vcc V 
Voltage R3-R5, 
RQ 
Output High Von Do-D3, Vec ~ 1.0 V -loy = 1.0 mA 1 
Voltage R3-R8 
Do-D3, Vcc - 0.5 V —lon = 0.5 mA 1 
R3-R8 
Output Low VoL Do-D3, 0.4 V lo. = 1.6 mA 
Voltage R3-R8 
Input/Output tie | Do-D3, 1 uA Vin = OV to Vcc 2 
Leakage Current R3-R9 
Pull-Up MOS —Ip Do-D3, TBD TBD TBD nA Vec = 5 V, Vin = OV 3 
Current R3-R9 


Notes: 1. Applied to !/O pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to 1/0 pins with pull-up MOS selected by mask option. 
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Input/Output Characteristics for High Voltage Pins 


(Vcc = 3.5 V to 6 V,.GND = 0 V, Vaisp =Vcc — 40 .V to Vcc, Ta = —20°C to + 75°C) 





Item Symbol Pin Min Typ Max Unit Test Conditions Nete 
Input High | Vin D4-D15, 0.7 Vec Vec + 0.3 V 
Voltage RO, R1, R2, — 
RAo, RA, 
Input Low Vit D4-Dis5, Vcc — 40 0.3 Vcc V 
Voltage RO, R1, R2, 
RAg, RA; 
Voltage | a | 
Vec — 2.0 V — Ioy=10 mA, Vcc = 5 V + 20% 
Vec — 1.0 V —lon= 4mA 
RO-R2 Vec — 3.0 V — lou = 3 mA, Voc = 5 V + 20% 
Vcc — 2.0 V — loy = 2mA, Vec = 5 V t 20% 
Vcc — 1.0 V — lon = 0.8 mA 
Output Low VoL Da-Dis, Vcc - 37 vy Vdisp = Vec — 40 V 1 
Voltage RO-R2 
D4a-Di5, Vec - 37 vy 150 kQ to Vec - 40 V 2 
RO-R2 . 
Input/Output lhe | Da-D15, 20 uA Vin = Vec — 40 V to Vcc 3 
Leakage RO-R2, 
Current RAo, RA; 
Pull-Down MOS —{g D4-Dis, TBD TBD TBD “A Vidiso = Vee — 35 V, 4 
Current RO-R2, Vin = Vec 
RAo, RA; 
Notes: . Applied to 1/O pins with pull-down MOS selected by mask option. 


1 

2. Applied to 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 
3. Pull-down MOS current and output buffer current are excluded. — 

4. Applied to !/O pins with pull-down MOS selected by mask option. 
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AC Characteristics 
(Vcc = 3.5 V to 6 V, GND = 0 V, Vaisp =Vcc — 40 V to Vcc, Ta = —20°C to + 75°C) 


Test 
item Symbol Pin Min Typ Max Unit Conditions Note 
Oscillation tose OSC, OSC2 0.2 4 4.5 MHz divide by 4 
Frequency 
Instruction Cycle teye 0.89 1 20 us 
Time 
Oscillator Stabiliza- tac OSC, OSC2 20 ms 1 
tion Time 
External Clock tcPH, OSC, 92 ns divide by 4 2 
High, Low tcpL 
Level Width 
External Clock Rise tcp, OSC, 20 ns 2 
Time 
External Clock Fall tcp, OSC; 20 ns 2 
Time 
INTo High Level tion INTo 2 tove 3 
Width 
INTo Low Level tio INTo 2 teyc 3 
Width 
INT, High Level tii INT, 2 teyc 3 
Width 
INT, Low Level tii INT; 2 teyc 3 
Width 
RESET High Level trRsTH RESET 2 teyc 4 
Width 
Input Capacitance (;, All pins 30 pF =1 MHz, 
RESET Fall Time trstr 20 ms 4 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage (3.5 V) after power-on, or after RESET goes high. At power- 
on or stop mode release, RESET must be kept high for at least tac. Since trac depends on 
the crystal or ceramic filter’s circuit constant and stray capacitance, please get the 
manufacturer's advice when designing the RESET circuit. (See figure 36) 

2. See figure 37. 
3. See figure 38. 
4. See figure 39. 
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Serial Interface Timing Characteristics 


(Vcc = 3.5 V to 6 V, GND = 0 V, Vasp = Vec — 40 V to Vee, Ta = —20°C to + 75°C) 


Item 


Transfer Clock Cycle Time 


Transfer Clock High, 
Low Level Width 


Transfer Clock Rise, Fall Time 


Transfer Clock Cycle Time 


Transfer Clock High, 
Low Level Width 


Transfer Clock END Detect 
High Level Width 


Transfer Clock Rise, Fall Time 


Serial Output Data Delay Time 
Serial Input Data Set-up Time 


Serial Input Data Hold Time 


Notes: 1. See figure 40. 
2. See figure 41. 


Symbol 
tScyc 
tSCKH 
tSCKL 


tsckr 
tscKf 


tScyc 
tSCKH 
tSCKL 


tSCKHD 


tsckr 
tsckf 
tpso 


tssi_ 


tHs! 


Pin 
SCK 
(Output) 


SCK 
(Output) 


SCK 
(Output) 


SCK 
(Input) 


SCK 
(Input) 


SCK 
(Input) 


SCK 
(Input) 


SO 
S| 


Sl 


Min Max 


1 


0.4 


0.4 


40 


300 


100 


200 
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Unit 


teyc 


teyc 


teye 


teyc 


teye 


Test Condition 


Note 


1.2 
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Crystal oscillator Ceramic filter oscillator 


Ceramic 
filter 


Crystal: 4.194304 MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA 4.00 MG (Murata) 
Rr) 1MQ+ 20% Rr: 1MQ + 20% 
C,:22 pF + 20% C,: 30 pF + 20% 
C2: 22 pF + 20% C2: 30pF + 20% 





Figure 36. Oscillator Circuit 


1/fcp 
Vcc—0.5V a —— 
_+ LL 


tcPH t—-tCPi—* 


H i] 
Ost: devel i 


tcpr tcp 





Figure 37. Oscillator Timing 





Figure 38. Interrupt Timing 





Figure 39. Reset Timing 
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tscyc 


tscxt tscxe — 
aK. aca V (0.7 Vec) ; sexi F 
(Note) 0.8 V (0.22 Vcc) | tscxHo 
(Note) (Note 2) 


Notes: 1.Vcc—2.0V and 0.8 V are the threshold voltages for transfer clock output. 
0.7Vecc and 0.22Vcc are the threshold voltages for transfer clock input. 
2. After 8 clocks are transferred through SCK, at least tscxup must pass before the 
next serial interface transfer clock comes into SCK. If the next transfer clock 
comes into SCK within tscxup, the serial interface request flag can't be set. 





Figure 40. Timing Diagram of Serial Interface 


Vec 


R,=2.6kQ 


1$2074@ 
or Equiv. 





Figure 41. Timing Load Circuit 
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Programming Electrical Characteristics for HD4074019 
Write and Verify Mode 


DC Characteristics 
(Vcc = 6 V + 0.25 V, Ver = 12.5 V + 0.3 V, Vss = OV, T. = 25°C + 5°C, unless otherwise 
noted) | 








Item Symbol Min Typ Max Unit Test Condition 
Input high voltage Oo—O7, Ao—A14a, OE, CE Vin 2.2 Vect+0.3 V 

Input low voltage Oo—O7, Ao—Aia, OE, CE Vit -0.3 0.8 V 

Output high voltage Oo—O7 Vou 2.4 V lon=—200 vA 
Output low voltage Oo—O7 Voi 0.4 V loL=1.6 mA 
Input leakage current Oo—O7, Ao—A1a, OE, CE || 2 uA Vin =5.25V/0.5V 
Vec current Icc 30 mA 


Vpp Current Ipp 40 mA 


AC Characteristics 
(Vcc = 6 V + 0.25 V, Ver = 12.5 V + 0.3 V, Ta = 25°C + 5°C, unless otherwise noted) 




















Item . Symbol Min Typ Max Unit Test Condition 

Address set-up time tas 2 us Fig. 42 
ee ee eer lnput Pulse level: 

OE set-up time toes 2 us 0.8-2.2V 
SSS SS SS ee SS iput-rise fall 

Data set-up time tos Z KS time <= 20 ns 
ee ———— Timing reference 

Address hold time tay 0 us level 

Rica 1.0V,2.0V 

Data hold time toy 2 us output: 0.8 V, 2.0V 

Output disable delay time tor ; 130 ns 

Vpp set-up time tves 2 us 

Program pulse width tpw 0.95 1.0 1.05 ms 

CE pulse width when overprogramming topw 2.85 78.75 ms 

Vec set-up time tvcs Z us 

Data output delay time tor 0 500 ns 
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Program Verify 


| ee : 

2 cae | 

aa OS PE :.. 

= 
ans) 


Address 





Figure 42. PROM Programming/Verify Timing 
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Read Mode 


DC Characteristics | 
(Vcc = 5 V + 10%, Vere = Vec + 0.6 V, Ta = 25°C + 5°C, unless otherwise noted) 





item Symbol Min Typ Max = Unit_—s Test Condition 
Input Leakage Current Ny 1 uA Vec = 5.5 V, Vin = GND to Vec 
Output Leakage Current lLo 1 uA Vec = 5.5 V, Vour = GND to Vec 
Program Current Ipp 1 100 uA Vpp = Vcc + 0.6 V 
Current Dissipation lec - 30 mA 
Active Mode 
Input Voltage Vit -0.3 0.8 V 
ViH 2.2 Vec+0.3 V 
Output Voltage VoL 0.40 V lo. = 1.6 mA 
Vou 2.4 V lon = —200 uA 


AC Characteristics 
(Vcc = 5 V + 10%, Ver = Vec + 0.6 V, T. = 25°C + 5°C, unless otherwise noted) 


Item Symbol Min Max Unit Test Condition Note 

Access Time tacc tt” 500 os CE = OF = Wt 

CE Output Delay Time tce 500 ns OE = Vi 

OE Output Delay Time tor 10 150 ns CE = Vi 

Output Disable Delay Time tor 0 105 ns CE = Vi 1 

Data Output Hold Time ton 0 ns CE = OF =. 

Note: 1. tor is defined when output becomes open because output level cannot be defined. 
@ HITACHI 
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Switching characteristics 

Input Pulse Level 0.8 to 2.2 V_ Output Load 1TTL Gate + 100 pF 

Input Rise/Fall Time S 20 ns Input/Output Timing Reference Level Output: 1V, 2 V 
. Input:0.8V,2V 


Address 


toe tor 


Data Out - LALLA Data Out 7 KY 
Kono 


Figure 44. PROM Read Timing 
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MASK OPTION LIST 


Date 


HD404019/HD4074019 


of Order 








Customer 











Dept. 





* Please enter check marks in (_} 


Name 




















































































































































































































































(M, x, vy). ROM Code Name 
LSI Type Number 
(Hitachi's entry) 
(1) 1/0 Option Note (I/O options masked by & are not available.) 
alele [ole] [ele [ole 
[Do | g sister ae | Uj), = Input/Output - YY 
F Input/Output = + YY 2 e [Input/Output WY 
D2 5 eee ! Yj Y, pee pope YY 
D3 Input/Output .) Yj R33 Input/Output YY 
Da Input/Output YYyY | R40 | Input/Output Uj 
G 7 YA 
em ee Yj as \na, Palle as | Uy 
Input/Output Yj R42 Input/Output 1YZ 
o Hadas Coie ay i sa aeeaa| a 
jos | Input/Output yy, YW Yi) | R50 Input/Output Yiyijj 
Dg g Input/Output YY) ge laid tnpuyOureet TY 
Dio S Input/Output YYZ wi Input/Output 1 GY 
| Input/Output Lp Re . [Input/Output Hyp 
Di2 | Input/Output Yyy eae R60 | £ (alle abo WY 
Di3 = YY) | a oar Input/Output 1 YZ 
Di4 Input/Output Yi | ce a Input/Output - YY 
Dis Input/output YYY R63 neu Out ; YY 
| R70 Input/Output Li 
- yo | _ a Input/Output Yi 
ROo Input/Output GY | R72 Input/Output Li 
2 RO; Input/Output OY — A. | Input/Output YY 
re Input/Output YY ee | Input/Output Hy 
RO3 Input/Output Yi be R8, Input/Output aa) : Gy 
e ees 7 an R82 Input/Output Hee 
2 Input/Output Uy YY Uy, | R83 Input/Output | YjY 
S Input/Output - R9o INPUE ye 
= Input/Output GUY 3 RQ, Input |G 
Input/Output Yj | e2,| ee: | G77 
Input/Output Aa | gal Input BeZZZ 
Input/Output Li aa RAo sf Input 7 yy |_| 
pea] |mowoueus V/A | | [Pa|” [tou ort Ne 


* Please enter “O” in applicable item for |/O option selection. 


A; Without Pull-up MOS (NMOS Open Drain) 
C; CMOS (not be used as Input) 
D; Without Pull-down MOS (PMOS Open Drain) 


B; With Pull-up MOS 


E; With Pull-down MOS 
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(2) RA1/Vaisp 


RAs /Vaisp 









{] RA: Without Pulledown MOS (D) 
TC} Veiisp 
* Please enter check marks (IB, X, v’) 
in applicable item. 






(3) Package 







Package 
[J DP-645S (shrink package) ey 
() FP-648 





* Please enter check marks (MB, X, v/) 
in applicable item. 


Note) RAi/Vuiep has to be selected as Vaiso pin even if one high voltage pin is specified as “E”. 


(4) Divider (DIV) 


Clock divide ratio 
@ Divided-by-4 


| Check List of Application 










(A) Oscillator (CPG option) 


CPG L] Ceramic Filter 
option a 


Crystal 





f] External Clock 


* Please enter check marks (@, X, v) 
in applicable item. 
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(5) ROM Code Media 


ROM Code Media 


ante tes aimee trannies rman ee aan ah ewemenaransheteree nie saheneietbnaniinnity nit bit 


[J] EPROM: Emulator Type 


_} EPROM: EPROM On-Package Microcom- 
puter Type 
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HD614P080S/HD614P0160S 


DESCRIPTION 


The HD614P080S and HD614P0160S are 4-bit single chip # PIN ARRANGEMENT 
microcomputers which have mounted a standard EPROM 
2764/27 128/27256 for program memory. 

The HD614P080S and HD614P0160S are pin-compatible HD614P080S HD614P0160S 
with the mask ROM type HMCS402/404/408, but have some 
differences with them as shown in Table 33. By modifying the 





program in the EPROM, they can be used for the evaluation of a S i 
the HMCS402/404/408, or for small-scale production. Dials] BAe 
Dis [4] 6 11D 
® HARDWARE FEATURES Disf5] Tos 
@ 4-bit Architecture Roo [6] 59Ds 
@ Application to 4k, 8k or 16k words x 10 bits of EPROM Ros 5a] D. 
4096 words x 10 bits. ... . HN482764, HN27C64 Ro2[8} © Vec Veco @ [b7]Ds 
8192 words x 10 bits... .. HN4827128 Roa [3] 56) D2 
16384 words x 10 bits... . HN27C256 1} pofy O47  Yee® Fa, 
@ Data Memory (RAM) Capacity ....... 576 digits x 4 bits Rifts} @ Az A132 @ Ba]Do 
@ 58 1/0 Pins — 26 1/O pins are high voltage up to 40V (max). Rell © a, de @ PaGNO 
@ 2 Timer/Counters Rial p2jOSC2 
11-bit Prescaler Paoli @As = Av @ Bosc: 
8-bit Free Running Counter Me eg: | Ave. Eee 
8-bit Auto-reload Timer/Event Counter cy BS}RESET 
® Clocked Synchronous 8-bit Serial Interface ss x @Az  GNO® 3 es 
e Ao tls 4 92 
pease 2 Ras/Vdisp[t 9 @ Az ce 464 Ro: 
Timer/Counter 2 es os ree pan 
Serial Interface 1 ee CC VO aod 
@ Subroutine Stack ap Qo. O @ = 
Up to 16 levels including interrupts Ro fra lr 
® Minimum Instruction Execution Time; 1.33 ys Rs: Ba Se 
@ 2 Low Power Modes acGH OO %@ Fe 
‘ ‘ ‘ ‘ 7 s2 (26) [394 R72 
Standby — Stops instruction execution while keeping Rssf27] @GND 03 @ [Ba}Rr: 
clock generator and interrupt functions in- rasa BT] Ro 
cluded Timer/Counter and Serial Interface in | Re, BS Fa Ras 
operation Re: BO 54) Re2/SO 
Stop -— Stops instruction execution and clock genera- Rea [37 Fal Rai /S! 
tion while retaining RAM data Vee [52 3] Rao /SCK 
®@ Clock Generator 
External Connection of Crystal Resonator or Ceramic (Top View) (Top View) 


Filter Resonator (externally drivable) 
@ Power Voitage Range; 5V + 10% 
@ 1/0 Pin Circuit Form 
All standard pins are “without pull-up MOS”. 
All high voltage pins are “without pull-down MOS”. = RECOMMENDED APPLICABLE EPROM 


® Shrink Type 64 Pin EPROM On-package Type No. Program Memory Capacity 
HN27C64-30 
HN482764-3 


decid hd HN27084-25 
HD614P080S HN482764 


HN4827 128-25 
HO614P0160S 16384 words 












' EPROM Type No. 







® SOFTWARE FEATURES 

@ Software Compatible with HMCS402/404/408 

®@ instruction Set Similar to and More Powerful than HMCS40 
Series; 99 Instructions 

@ High Programming Efficiency with 10-bit ROM/Word; 79 

instructions are single word instructions. 

Direct Branch to Ail ROM Area 

Direct or Indirect Addressing to All! RAM Area 

Subroutine Nesting Up to 16 Levels Including Interrupts 


Binary and BCD Arithmetic Operation 

Powerful Logic Arithmetic Operation 

Pattern Generation — Table Look Up Capability — 
Bit Manipulation for Both RAM and I/O 


HN27C256-30 
HN27C266-25 





s PROGRAM DEVELOPMENT SUPPORT TOOLS 

@ Cross assembler and simulator software for use with IBM 
PCs and compatibles 

@ in circuit emulator for use with IBM PC 
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Rao/ Rai/ Ra2/ R33/  R32/ RESET = 
eof Res/ Rea Me aS TEST OSC: OSC2 VecGND = 
P 
> 
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SERIAL 


TIMER | TIMER EXTERNAL 


Cr] INTER- 
FACE A B INTERRUPT 
INTERRUPT CONTROL 
oar, 










SYSTEM CONTROL 


Upper 
(Sbits) ! 


cE 









EPROM 


Oo-Os |HN482764 
HN27C64 
HN4827128 
HN27256 


Ay ~ Ais. Ass* Ao 














Lower 
(5Sbits) 
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S0910dPL9GH/SO80dbI9dH 





Control 


Re2 


Reo 








Try ¢ ee Sn Ok 2k Oe Se ee ee 
Ra3 Ra2/Ra1/Rao/R33/R32/R3 R30 'R23R22R21R20' Ri3Ry2R1: Rio! Roz Roz RoiRoo '015D14D13012011D10D9DsD7De Ds Da!D3 D2 D: Do 
SO si SCK INT: INTo ich is Pr ere wey sa ire Che, See in Peo a ee mae 5 
See oy ; ‘es 
1 ___ High Voltage Pins 


"Ax, is available only to the HD614P0160S. 
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# ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 


Item 


—0.3 to +7.0 





it 




















ee 
Total Allowance of Input Currents mA 5 
Total Allowance of Output Currents es mA 6 
Maximum Input Current weak 7,8 
7 9, 10 
Maximum Output Current ee ee 9,11 
a 
eee ae 


Operating Temperature —20 to +75 
stg 


Storage Temperature = —55 to +125 


(Note 1) 


(Note 2) 
(Note 3) 
(Note 4) 
(Note 5) 
(Note 6) 
(Note 7) 
(Note 8) 
(Note 9) 
(Note 10) 
(Note 11) 
(Note 12) 








Aa eRe 





Permanent damage may occur if ‘‘Absolute Maximum Ratings’‘of the LSI or the EPROM are exceeded. Normal operation should be 
under the conditions of ‘‘Electrical Characteristics’. If these conditions are exceeded, it may cause the malfunction and affect the 
reliability of LSI. 

All voltages are with respect to GND. 

Applied to standard pins. 

Applied to high voltage !/O pins. 

Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously. 

Total allowance of output current is the total sum of the output current which flow out from Vcc to all 1/O pins simultaneously. 
Maximum input current is the maximum amount of input current from each 1/O pin to GND. 

Applied to Dp ~ D3; and R3 ~ R8. 

Maximum output current is the maximum amount of output current from Vcc to each 1/O pin. 

Applied to Dp ~ D3 and R3 ~ R8. 

Applied to RO ~ R2. 

Applied to D, ~ D,s. 
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@ ELECTRICAL CHARACTERISTICS | 
@ DC CHARACTERISTICS (Veg = 4.5V to 5.5V, GND = OV, Ta = ~20 to +75°C, if not specified.) 


Item 


Input “High” 
Voltage 


Input “Low” 
Voltage 


Output ‘High”’ 
Voltage 


Output ‘‘Low” 
Voltage 


Input/Output 
Leakage Current 






















































Crystal or 
Current _| Ceramic 
Dissipation in lcc =| Vec Vico = 5V |: Filter 
Operation Mode f ee ais 
osc ~ 
Maximum ae 
Logic ; 
Current Voc = 5V fose = 4MHz 
Dissipation in Crvstal 
Standby Mode Minimum A ateriad 
isavart Vee Logic | Filter mA | 4,5 
Operation Resonator 
Vec = 5V | ¢ = 4MHz 
Current ES Vec 
Dissipation in Vcc ~ Vec-0.3V UA 
Stop Mode Vin (RESET) =0 ~ 0,3V 
Stop Mode 


(Note 1} Output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; ® RESET, TEST — Vcc voltage 
eD, ~D;, R3~R9 — Vcc voltage 
@D,~D,;, RO~R2, R ag Rat — Voce ~Vcc-40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
© TIMER-B; +2 prescaler divide ratio 
@ SERIAL; Stop 
® RESET — GND voltage 
© TEST — Vo voltage 
®D,~D;3, R3~RQ — Vec voltage 
® Da~D,s, RO~R2, R po. Rai — Vcc sites Vcc-40V 
(Note 4) The timer/counter with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; | ® Standby Mode 
© Input/Output; Reset state 
® TIMER-A; +2048 prescaler divide ratio 
@ TIMER-8; +2048 prescaler divide ratio 
@® SERIAL; Stop 





Pin state; 
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® RESET — GND voltage 

® TEST — Vcc voltage 

®D.~D3, R3~R9 ~ Vo voltage 

e Da ~Di; 7 RO~R2, Rao, Rai = Vcc sn Vcc-40V 

(Note 5) The consumption of current in operation and standby mode is proportional to foge. When foge = x [MHz], 
the value of each current is calculated as follows. 

x 

ze 


Pin state: 


max. value (foge = x) = 4- x max. value (foge = 4 [MHz] }. 


® INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Voc = 4.5V to 5.5V, GND = OV, Ta = - 20 to +75°C, if not specified.) 


Value 


Item [symbol | PinName Test Conditions [min | typ | max Unit Note 
Vote | Ym |Rammame | | 87M | = [voor |v 
vow” | Ye [ascmeno | | =08 | = |0atver |v 
ve Cart| inl [Asma | varoveves | = f= | ot [a 


(Note 1) Output buffer current are excluded. 


eo INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vcc = 4.5V to 5.5V, GND = OV, Ta = - 20 to +75°C, if not specified.) 


s ni ote 
| min | typ | max | 
Input “High” Da ~ Dis, R1 
Input *‘Low” Da ~ Dis, R1 


Output “High” 
Voltage 


Output “Low” 
Voltage 


Input/Output 
Leakage 
Current 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


nelatents 150k to Vec-40V 


RO ~ R2 


Da ~ Dis —!on = 15mA 
You [= 
RO ~ R2 


Vin = Vcc-40V to Vcc 





(Note 1) Output buffer current are excluded. 
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@ AC CHARACTERISTICS (Vcc = 4.5V to 5.5V, GND = OV, Ta= -20 to +75°C, if not specified. ) 


Pin Name Test Value 

inNa ie 

Conditions typ 
Oscillation Frequency poe 


Instruction Cycle Time on 


Oscillator Stabilizati 
ose,05e [foe | 


trc OSC, , OSC, 


Item Symbol Unit Note 


MHz 


NO 
oO 









Crystal 
Resonator 


Oscillation Frequency osc MHz 


| 
| 


NO 
i=) 


Instruction Cycle Time 


i 







cyc 


Ceramic Filter 
Resonator 


Oscillator Stabilization 
Time 


N N o 
Oo io) NO 
— oh 
































External Clock Frequency | fop OSC, | 04 [| - | 6.2 MHz 2 
External Clock ‘‘High” a 
x 
0 External Clock ‘‘Low”’ 
® | Level Width topL OSC, 70 2 
[External Clock Fait Time ‘err | OSC, —~| ——*+d| = +t = ‘| 20 
INTo “High” Level Width tioH INTo 2 = e tice 3 
__INTo “Low” Level Width 3 
INT: “High” Level Width 3 
INTi “Low” Level Width an 
RESET “High” Level Width 4 
Input Capacitance 
Reset Fall Time 4 





(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vac reaches its minimum allowable voltage Vcc = 4.5V 
after power-on, or after RESET goes high. At power-on or STOP mode release, RESET must be kept high for at least tac. Since 
trc depends on the crystal or ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice when 
designing the RESET circuit. 











(Note 2) 
‘/ice 
Osc, 
tCPr (CPf 
Crystal: 6.0 [MHz] (Note 3) 
NC-18C (Nihon Denpa Kogyo) 
R= 1 [MQ] + 2%, C,; =C, = 20 [pF] + 20% 
(Note 4) 
RESET 
Ceramic filter: CSA6.00 MG (Murata) 
Re = 1[MQ] + 2%, C, = C, = 30 [pF] + 20% 
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® SERIAL INTERFACE TIMING CHARACTERISTICS 
(Voc * 4.5V to 5.5V, GND = OV, Ta = -20 to +75°C, if not specified.) 


* At Transfer Clock Output 


















ae Test 2 

Item Symbol Pin Name Conditions Unit Note 
Transfer Clock Gyele Tine | Yerye | SCR ‘| Wow?) | 1 | - | - | tw | 12 
Transfer Clock “High” t me t 12 
Level Width SCKH Seve A 
Transfer Clock “Low” e ' 12 
Level Width Scyc ; 
Transfer Clock Rise Time : a ns 1,2 
Transfer Clock Fall Time [SK Wore) [00 02 
Serial Output Data 
=i oo [mwa | = [= fae fe fs 
Serial Input Data Set-up Time ts SI 300 _ _ | = | ms | 4 


Serial Input Data Hold Time 





SI 


* At Transfer Clock Input 


Test 
Item Conditions 
Transfer Clock Cycle Time 


Transfer Clock ‘’High” 
Level Width 


Transfer Clock ‘‘Low” 
Level Width 


Transfer Clock Rise Time 
Transfer Clock Fall Time 
Serial Output Data 








Delay Time 1,2 
Serial Input Data Hold Time [ts _| _si__-| + 






SCK Vec —2.0V(0.7 Vcc} » 
0.8V(0.22Vcc) * 


0.7Vcc 
SI 
De: 
* Vcc-2.0V and 0.8V are the threshold voltage for transfer clock output. 


0.7Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 
(Note 2) Timing Load Circuit 


Vec 
Re = 2.6ke 
Test 
Point 
Cc R 1§2074@ 


30pF 12kQ or Equiv. 
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@ CHARACTERISTICS CURVE (REFERENCE DATA) 


Isay1, Issv2(mA) 


360 


foe min. (mA) 


PNET 
LENE 


Ta==-20= +75 
Vec=5V 


fosc( MHz) 


loc vs. fos, characteristic 
(crystal, ceramic resonator) 





fosc(MHz) 


IsBy VS. foge characteristics 
(crystal, ceramic resonator) 


Ta =-20~ +75°C 








Al 
AN 


i 


—IQH min. (mA) 


PLL ETINN TET TT 


BURRREEK 


HENNE 
LTT 





2 
VaL(v) 
lot min. vs. Voz characteristics 
(Standard Pin) 


© HITACHI 


Issy1, Isav2(mA) 


Ta=-—-20~4+75T 
fosc =4MHz 





Vec(V) 


lec vs. Vec characteristic 
(crystal, ceramic resonator) 





Vec(V) 


Isgy vs. Vcc characteristics 
(crystal, ceramic resonator) 


ta=-20~+7e| | | | | 
eR Se REE E) 
fle Jee hese HoleMece eZ 


30 










Se 
a 
Ee 


4.5 


4 


INN 


i?) 
i 
< 


yy 


V4 
He 


oa 
et 
|_| 
a 
fs 
7 


CONSE 
al 


Pee Ne se Ne 


SSSR RS 
Pea a eal aes 


fi 


eee eaee 


CO 


eZee eee 


IN 
ES! 
z 
ae! 
zz 
eS 
i 
id 
a 
ba 


0) 

Vec-VoH(V) 
—lon min. vs. (Vcc—Voy) characteristics 
(Da ~ Dis pins) 
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—loH min. (mA) 





a 
Ae oe ay i a 
Ci a ss a 
Vcec-VoH(V) 


—low min. vs. (Vec—VoH) characteristics 
(RO ~ R2 pins) 


0 1 2 


® DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 


® GND, Vcc, Vdisp 

These are power supply pins. Connect GND pin to Earth 
(OV) and apply Vcc power supply voltage to Vcc pin. Ra,/ 
Vaisp pin is used for Ra, as all high voltage pins are “without 
pull-down MOS” (PMOS open drain). 


e TEST 
TEST pin is not for users application. Connect it to Vcc. 


@ RESET 
RESET pin is used to reset MCU. For details, see “RESET” 


e@ OSC:, OSC2 

These are input pins to the internal clock generator circuit. 
They can be connected to crystal resonator, ceramic filter reso- 
nator, or external oscillator circuit. For details, see “INTER- 
NAL OSCILLATOR CIRCUIT.” 


® D-port (Do to Dis) 
D-port is a 1-bit Input/Output common port. Do to Ds are 


standard type, Da to Dis are for high voltage. For details, see 
“INPUT/OUTPUT”, 


® R-port (RO to RA) 

R-port is a 4-bit Input/Output port. (only RA is 2-bit con- 
struction.) RO and R6 to R8 are output ports, R9 to RA are 
input ports, and R1I to R5 are Input/Output common ports. 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports, R32, Raa, Reo, Rai, and Raz are also available 
as INTo, INT1, SCK, SI and SO respectively, For details, see 
“INPUT/OUTPUT”, 


@ INTo. INT: 

These are the input pins to interrupt MCU operation exter- 
nally. INTi can be used as an external event input pin for 
TIMER-B. INTo and INT: are also available as R3z, and Rss 
respectively. For details, see “INTERRUPT”. 





@ SCK, Si, SO 

These are transfer clock I/O pin (SCK), serial data input pin 
(SI) and serial data output pin (SO) used for serial interface. 
SCK, SI and SO are also available as Rao, Rai, and Raz respec- 
tively. For details, see “SERIAL INTERFACE”. 


m ROM MEMORY MAP 
ROM memory map is illustrated in Fig. 1 and described in 
the following paragraph. 


© Vector Address Area ..... $0000 to $O00F 

When MCU reset or an interrupt is serviced, the program is 
executed from the vector address. Program the JMPL instruc- 
tions branching to the starting addresses of reset routine or 
of interrupt routines. 


@ Zero-Page Subroutine Area..... $0000 to $003F 
CAL instruction allows to branch to the subroutines in 
$0000 to $003F. 


© Pattern Area..... $0000 to $OF FF 
P instruction allows referring to the ROM data in $0000 to 


$OFFF as a pattern. 


@ Program Area ..... $0000 to $1F FF; HD614P080S 
$0000 to $3F FF; HD614P0160S 
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EPROM ADDRESS om . MCU ROM ADDRESS 
$0000 m 0 oO O bit4 | bIS | bit2 | bit] bitO_ | lower 5 bit <0006 JMPL Instruction $0000 
$0001 {II/|o , 0 0 upper 5 bit (Jump to RESET Routine) $0001 
JMPL Instruction $0002 
Vector Address (Jump to INTo Routine) $0003 
$OO1F ; $ OOOF JMPL Instruction $0004 
$0020 $0010 (Jump to INT, Routine) $0005 
é J : 
\ (64 Words) (Jump to TIMER-A Routine) | $0007 
JMPL Instruction $0008 
$007F (Jump to TIMER-B Routine) $0009 
s0080 a |. 
Pattern fp $0008 
(4096 Words) JMPL Instruction $ QOOC 
(Jump to SERIAL Routine) $000D 
$ 1FFF | $000 
$2000 J s 00 
Program 
(8192 Words) 
$ 3FFF $ 1 FFF 
Ca ee ee 
NOT USED 
(Set to 111") 
HD614P080S 
EPROM ADDRESS MCU ROM ADDRESS 
$0000 |I|}/ 0 bia | bt3_| ba? | bit? _, bt | lower 5 bit] ¢ 440, JMPL Instruction $0000 
$0001 upper 5 bit {Jump to RESET Routine) $0001 
JMPL Instruction $0002 
Vector Address (Jump to INTo Routine) $0003 
$OO1F $ OOOF JMPL Instruction $0004 
$0020 $0010 (Jump to INT; Routine) $0005 
Zero-Page Subroutine JMPL Instruction $0006 
(64 Words) (Jump to TIMER-A Routine) $0007 
JMPL Instruction $0008 
$O007F (Jump to TIMER-B Routine) $0003 
$0080 | $0008 
Pattern | i $0008 
(4096 Words) JMPL instruction $000C 
(Jump to SERIAL Routine) $000D 
$ 1 FFE Pp | $000 
$2000 JF S00 
Program 
(16384 Words) 
$ 7FFF $ 3FFF 
SA ac 
NOT USED 


(Set to ‘"111'’) 


HD614P0160S 


Fig. 1 ROM Memory Map 
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$000 
$001 
$002 






RAM-mapped Registers 










Interrupt Control Bits 







0 
1 
2 
3 
4 
5 
6 




























31 
32 $003 
Port Mode Reg. (PMR); W 1 $004 
EN Aha alas cet Et She Sg hes Serial Mode Reg. (SMR)! Ww | $005 
48 Serial Data Reg. Lower (SRL) : R/W | $006 
7} Serial Data Reg. Upper (SRU) | R/W | $007 
8| Timer Mode Reg. A (TMA)! W {$008 
(512 Digits) 9] Timer Mode Reg. B (TMB): W $009 
10 (TCBL/TLAL) | 
ets. / )}! RAW [ $O0A 
543 (TCBU/TLRU): RAW | $008 
544 $00C 
Not Used 
959 Not Used 
960 
Stack $O1F 
(64 Digits) 
1023 $ 3FF 





* Two registers are mapped on same address. 


Timer Load Reg. Lower (TLRL) 
Timer Load Reg. Upper (TLRU) 











R : Read Only 
Ws: Write Only 
R/W : Read/Write 


$O00A 





$008 


Timer/Event Counter 8 Lower (TCBL) a 
Timer/Event Counter B Upper (TCBU) fae 


Fig. 2 RAM Memory Map 





and special registers are also mapped on the RAM memory 
space. RAM memory map is illustrated in Fig. 2 and described 
in the following paragraph. 


=" RAM MEMORY MAP 
The MCU includes 576 digits x 4 bits RAM as the data area 
and stack area. In addition to these areas, interrupt control bits 








bit 3 bit 2 bit 1 bit O 
IMO IFO RSP LYE 
O ties as s $000 
(IM of INT, ) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 
IMTA IFTA M1 a $001 
(IM of TIMER-A) (IF of TIMER-A) (IM of INT,) (IF of INT,) 
IMTB IFTB 
‘ Coes ere (IM of TIMER-B) (IF of TIMER-B) | 8°07 
IMS IFS 
N d 
s ee ones (IM of SERIAL) (IF of SERIAL) —_—‘| 908 
IF : Interrupt Request Fiag 
IM: tnterrupt Mask 
1/E : Interrupt Enabie Flag 


SP : Stack Pointer 
Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 


(Note) 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when ‘‘RSP” bit and ‘‘Not Used” bit is tested. 


Fig. 3 Configuration of Interrupt Control Bit Area 
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@ Interrupt Control. Bit Area ..... $000 to $003 

This area is used for interrupt controls, and is illustrated in 
Fig. 3. It is accessable only by RAM bit manipulation instruc- 
tion. However, the interrupt request flag cannot be set by soft- 
ware. The RSP bit is only used to reset the SP. 


© Special Register Area ..... $004 to $00B 

Special Register is a mode or a data register for the external 
interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 




















Stack Area 
$020 °° $300 
$ 021 
$ 022 
$ 023 
$ 024 
$ 025 
$ 026 | Level_10 | 
$ 027 
$ 028 Level 8 
$ 029 
$ 02A 
$ 028 
$ 02C 
$ 02D 
$ O2E 
$ 02F 1923 





PC73 to PCg; Program Counter 
ST; Status 
CA; Carry 













16 digits of $020 to $02F are called memory register (MR) 
and accessable by LAMR and XMRA instructions. 


@ Stack Area .... $3C0 to $3FF 

Stack Area is used for LIFO stacks with the contents of the 
program counter (PC), status (ST) and carry (CA) when process- 
ing subroutine call and interrupt. As | level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction, and 
not affected by RTN instruction. The area, not used for stack- 
ing, is available as a data area. 


bit2 bit1 





Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 


= REGISTER AND FLAG 

The MCU has nine registers and two flags for the CPU opera- 
tions. They are illustrated in Fig. 5 and described in the follow- 
ing paragraphs. 


@ Accumulator (A), B Register (B) 

Accumulator and B Register are 4-bit registers used to hold 
the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, I/O and other registers. 


© W Register (W), X Register (X), Y Register (Y) 

W Register is 2-bit, and X and Y Register are 4-bit registers 
used for indirect addressing of RAM. Y Register is also used 
for D-port addressing. W Register is write-only and cannot be 
read. 


@ SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 
Y Register respectively. 


@ Carry (CA) 

Carry (CA) stores the overflow of ALU generated by the 
arithmetic operation. It is also affected by SEC, REC, ROTL and 
ROTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It’s not 
affected by RTN instruction.) 


© Status (ST) 

Status (ST) holds the ALU overflow, ALU non-zero and the 
results of bit test instruction for the arithmetic or compare in- 
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit .-st instruction is ex- 
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 
stack and restored back from the stack by RTNI instruction. 
(It’s not affected by RTN instruction.) 
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= | | Accumulator 


3 0) 
ae ¥ Reyiste 
3 ) 


SPY 


9 


aa 
5 0 
Stack 
se Pomter 


Fig.5 Register and Flags 


@ Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address- 
ing. 


® Stack Pointer (SP) 

Stack Pointer is used to point the address of the next stack- 
ing area up to 16 levels. 

The Stack Pointer is initialized to locate $3FF on the RAM 
address, and is decremented by 4 as data pushed into the stack, 


and incremented by 4 as data restored back from the stack. 


® INTERRUPT 

The MCU can be interrupted by five different sources: the 
external signals (INTp, INT,), timer/counter (TIMER-A, 
TIMER-B), and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re- 
quest. The Interrupt Enable Flag is also used to control the 
total interrupt operations. 


@® Interrupt Control Bit and Interrupt Service 

The interrupt control bit is mapped on $000 to $003 of the 
RAM address and accessable by RAM bit manipulation instruc- 
tion. (The Interrupt Request Flag (IF) cannot be set by soft- 
ware.) The Interrupt Enable Flag (1/E) and Interrupt Request 
Flag (JF) are set to ‘0’, and the Interrupt Mask (IM) is set to 
“1” at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table | shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re- 
quest Flag is set to “1 and the Interrupt Mask is “‘0”’. If the 
Interrupt Enable Flag is ‘‘1“*, then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. ' the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter- 
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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Fig.6 Interrupt Circuit Block Diagram 


Table 1. Vector Addresses and Interrupt Priority 








Vector addresses 





Reset - Interrupt 

















RESET $0000 
INTo $0002 
INT: $0004 
TIMER-A $0006 
~ TIMER-B _ $0008 
SERIAL | ~~ $000C : 


Table 2. Conditions of Interrupt Service 








Interrupt ee, 
Interrupt source INTo INT, TIMER-A TIMER-B SERIAL 


contro} bits 


ve mee ee eae 
__FOIMO ee as ae | oT 
Ft 
IMTB * * 1 


* * 














=|010/0/0] = 





* Don't care 
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Instruction 


Cycles 


Instruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt 
accepted 


Stacking, 
Reset of 1/E 


Fig. 7 


@ Interrupt Enable Flag (1/E: $000,0) 

The Interrupt Enable Flag controls enable/disable of all inter- 
rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by the interrupt servicing and set by RTNI instruction. 


Table 3. Interrupt Enable Flag 






Interrupt Enable/Disable 
Disable 
Enable 





Interrupt Enable Flag 






@ External Interrupt (INTo, INT; ) mae ee 

To use external interrupt, select R3,/INTo, R33/INT, port 
for INTo, INT, mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF!) are set at 
the falling edge of INTp, INT, inputs. 

INT, input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT, as TIMER-B external event, an External Interrupt 
Mask (IM1) has to be set so that the interrupt request by INT1 
will not be accepted. 


@ External interrupt Request Flag (1FO: $000,2, 1F1: $001,0) 
The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edges of INTy, INT, inputs respectively. 


® External Interrupt Mask (IMO: $000,3, IM1: $001,1) 
The External Interrupt Mask is used to mask the external 
interrupt requests. 


Table 4. External interrupt Request Flag 


Interrupt Requests 


External Interrupt Request Flags 





Interrupt Servicing Sequence 


JMPL. instruction execution on the 
vector address 





Instruction 
Execution at 
starting address 


of the interrupt 
routine 





Table 5. External Interrupt Mask 





External Interrupt Masks Interrupt Requests 
Enable 


Disable (masks) 










R42/SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 
to a port mode. 


Table 6. Port Mode Register 





R33/INT, pin 









Used as R33 port input/output pin 
Used as INT, input pin 









R3./INT9 pin 










Used as R32 port input/output pin 
Used as INT» input pin 





Used as Ra, port input/output pin 





Used as SI input pin 









Raz /SO pin 









Used as Raz port input/output pin 
Used as SO output pin 
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Fig. 8 Interrupt Servicing Flowchart 







(SERIAL Interrupt) 
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= SERIAL INTERFACE 

The serial interface is used to transmit/receive 8-bit data 
serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus- 
trated in Fig. 9. Pin Rag/SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out by the software. 
The data in the Serial Data Register can be shifted synchronous- 










SYSTEM 


CLOCK PRESCALER(1 1bit) 
= ee ae 
Nol SlA|Sl 3 


SERIAL MPX 













SMR(4bit) 
SERIAL MODE 
REG. 


INTERNAL BUS LINE (S2) 


PMR(4bit) 
PORT MODE 
REG. 
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ly with the transfer clock signal. 

The serial interface operation is initiated with STS_instruc- 
tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signals, or discontinued transmit/reccive operation by resetting 
the Octal Counter, the SERIAL Interrupt Request Flag will be 

of SERIAL INTER- 


set. 
OC(3bit) 
OCTAL 
COUNTER 
FACE 
INTERNAL BUS LINE (S1} 
4 4. . 


SR (8 bit) 


SERIAL DATA REGISTER Z 






INTERRUPT 
REQUEST FLAG 








Fig.9 Serial Interface Block Diagram 


@ Serial Mode Register (SMR: $005) 

The Serial Mode Register is a 4-bit write-only register. This 
register controls the Rao/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The Write Signal to the Serial Mode Register controls the 
operating state of serial interface. 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul- 
taneously. 

When the Serial Interface is in the “Transfer State’’, the Write 
Signal to the Serial Mode Register causes to quit the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 


$0 by MCU reset. 


© Serial Data Register (SRL: $006, SRU: $007) 

The Serial Data Register is an 8-bit read/write register. It 
consists of a low-order digit (SRL:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
LSB side at SO pin synchronously with the falling edge of the 
transfer clock signal. At the same time, external data will be 
input from the LSB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
10 shows the I/O timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 
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Table 7. Serial Mode Register 


SMR ne 

Bia Rao /SCK 
0 Used as Rao port input/output pin 
1 Used as SCK input/output pin 


Rao/SCK Port 








0 SCK 
Output 
0 
0 
1 
Output 
1 SCK 
1 
1 


(In the case of SMR Bit 3 = 1) 







System 

Clock seria 3 
External _ 

Clock 


Transfer Clock 














Prescaler System Clock 
Clock Source Divide Divide 
Ratio Ratio 
Prescaler = Woe + 64 
Prescaler + 16 
Prescaler 





Transfer Clock LPL LLL LT 
; ne 4 


4 5 6 7 8 


Serial Output Data 





Serial Input Data 
Latch Timing 


Fig. 10 Serial Interface 1/O Timing Chart 


@ SERIAL Interrupt Request Flag (IFS: $003, 0) 

The SERIAL Interrupt Request Flag will be set after the 
eight transfer clock signals or transmit/receive discontinued 
operation by resetting the Octal Counter. 


@ SERIAL Interrupt Mask (IMS: $003, 1) 
The SERIAL Interrupt Mask masks the interrupt request. 


Table 8. SERIAL Interrupt Request Flag 


Interrupt Request 


SERIAL Interrupt Request Flag . 





Table 9. SERIAL Interrupt Mask 









Interrupt Request 
Enable 
Disable (masks) 


SERIAL Interrupt Mask 









@ Selection of the Operation Mode 

Table 10 shows the operation mode of the serial interface. 
Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table 10. 

Initialize the serial interface by the Write Signal to the 
Serial Mode Register, when the Operation Mode is changed. 
@ Operating State of Serial Interface 

The serial interface has 3 operating states as shown in Fig. 11. 

The serial interface gets into “STS waiting state” by 2 ways: 
one way is to change the operation mode by changing the data 
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in the Port Mode Register, the other is to write data into the 
Serial Mode Register. In this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc- 
tion is executed, the serial interface changes its state to “SCK 
waiting state”. 

In the ‘‘SCK waiting state”, the falling edge of first transfer 
clock affects the serial interface to get into “‘transfer state’’, 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in “SCK wait- 
ing state” while the transfer clock outputs continuously. 

The Octal Counter becomes “O00” again by 8 transfer 
clocks or execution of STS instruction, so that the serial inter- 
face gets back into the “SCK waiting state”, and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 


@ Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 
clock was disturbed by external noises. In this case, the transfer 





* ‘’Change PMR"’ means the change of 
operation mode as below: 












* Transmit Mode 
* Receive Mode 
* Transmit/Receive 







Clock Continuous 
Output Mode 






SCK Waiting State 
(Octal Counter = ‘‘000’’) 


Transmit/Receive 
(1\FS+'1"') 
Interrupt 
Inhibit 







Write to 
SMR 






Transfer Clock 
Error Processing 





Normal End 





Fig. 12 Example of Transfer Clock Error Detection 


STS Waiting State 


Octal Counter = ‘‘000” 
Transfer Clock Disable 


Transfer Clock 


8 Transfer Clocks, 
STS Instruction 


(IFS <1") 
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clock error can be detected in the procedure shown in Fig. 12. 

If more than 9 transfer clocks are applied by the external 
noises in the ‘“SSCK waiting state”, the state of the serial inter- 
face shifts as the following sequence: first ‘“‘transfer state” 
(while 1 to 7 transfer clocks), second “SCK waiting state” (at 
8th transfer clock) and third “transfer state’ again. Then reset 
the SERIAL Interrupt Request Flag, and make “STS waiting 
state” by writing to the Serial Mode Register. SERIAL Inter- 
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 


Table 10. Serial Interface Operation Mode 









Serial Interface Operating Mode 













Clock Continuous Output Mode 





Transmit Mode 





Receive Mode 





Transmit/Receive Mode 







Change PMR~ 







Transfer State 
(Octal Counter # ‘‘000"’) 





Fig. 11 Serial Interface Operation State 


= TIMER 

The MCU contains a prescaler and two timer/counters 
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The 
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit 
free-run timer. TIMER-B is an 8-bit auto-reload timer/event 
counter. 


@ Prescaler 

The input to the prescaler is a system clock signal. The 
prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic ‘“‘O”. The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler di- 
vide ratio of the clock signals are selected according to the 
content of the mode registers such as — Timer Mode Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 
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Fig. 13 Timer/Counter Block Diagram 


@ TIMER-A Operation 

After TIMER-A is initialized to $00 by MCU reset, it counts 
up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to 
“1”. Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 


The clock input signals to TIMER-A are selected by the . 


Timer Mode Register A (TMA: $008). 


@ TIMER-B Operation 

Timer Mode Register B (TMB: $009) is used to select the 
auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER-B, select the R33 /INT, 
as INT, and set the External Interrupt Mask (IM1) to “1” to 
prevent the external interrupt request from occurring. 

TIMERS B is initialized according to the value written into the 





© Timer Mode Register A (TMA: $008) 
- The Timer Mode Register A is a 3-bit write-only register. 
The TMA controls the prescaler divide ratio of TIMER-A clock 
input, as shown in Table 11. 

The Timer Mode Register A is initialized to $0 by MCU reset. 


@ Timer Mode Register B (TMB: $009) 

The Timer Mode Register B is a 4-bit write-only register. The 
Timer Mode Register B controls the selection for the auto- 
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12. 

The Timer Mode Register B is initialized to $00 by MCU 
reset. 

The operation mode of TIMER-B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore, it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 


Table 11. Timer Mode Register A 


Timer Load Register by software. TIMER-B counts up at every TMA 

clock input signal. When the next clock signal is applied to a, Prescaler Divide Ratio 

TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- Bit2 | siti | Biro | | 

alized again and generate overflow output. In this case if the 0 aS Oet Or +2048 

auto-reload function is selected, TIMER-B is initialized accord- 0 a +1024 

ing to the value of the Timer Load Register. Else if the auto- Oo. | oo = 612 

reload function is not selected, TIMER-B goes to $00. TIMER- 0 ee - 

B Interrupt Request Flag (IFTB: $002.0) will be set at this al * 128 

overflow output. 1 | 0 | + 32 
1 1s 
1 [1 |e 
ee ee ae a a: 
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Table 12. Timer Mode Register B 


Auto-reload Function 





Prescaler Divide Ratio, 
Clock Input Source 


sewn [BRO 








oa 2088 
o [0 [1 [+51 
0 oaen + 128 
cae am 
1 + 8 
1 ce eee 


ok 


= es con + 2 
INT, (External Event Input) 


@ TIMER-B lan. $00A, TCBU: pa 
TLRL: $00A, TLRU: $00B 

TIMER-B consists of an 8-bit write-only Timer Load Regis- 
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high- 
order digit (TCBU: $00B, TLRU: $00B). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 


PMR:$ 004 


PMR3}PMR2/PMR1 wna 






TMA:$ 008 
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the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 


@ TIMER-A Interrupt Request Flag (IFTA: $001, 2) 
The TIMER-A Interrupt Request Flag is set by the overflow 
output of TIMER-A. 


@ TIMER-A Interrupt Mask (IMTA: $001, 3) 
TIMER-A Interrupt Mask prevents an interrupt request 
generated by TIMER-A Interrupt Request Flag. 


Table 13. TIMER-A Interrupt Request Flag 










TIMER-A Interrupt 


Request Flag Interrupt Request 







TIMER-A Interrupt 


Mask Interrupt Request 





Disable (Mask) 


@ TIMER-B Interrupt Request Flag (IF TB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 
output of TIMER-B. 


e TIMER-B interrupt Mask (IMTB: $002, 1) 


TIMER-B Interrupt Mask prevents an interrupt request 
generated by TIMER-B Interrupt Request Flag. 


SMR:$ 005 


Transfer clock selection 


Rao/SCK pin mode selection 


R42/SO pin mode selection 
R4,/S!i pin mode selection 
R3./INT> pin mode selection 


R33/INT; pin mode selection 


TMB:$ 009 


i TMA 1|TMAO TMB3|TMB2 mar reo 


ce TIMER-B input clock selection 
Auto-reload function selection 


TIMER-A input clock selection 


Fig. 14 Mode Register Configuration and Function 
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Table 15. TIMER-B Interrupt Request Flag 





TIMER-B Interrupt 
Request Flag 





Interrupt Request 









TIMER-B Interrupt 


Mask Interrupt Request 






Disable (Mask) 


@ INPUT/OUTPUT 

The MCU provides 58 Input/Output pins, and they are con- 
sist of 32 standard pins of “Without pull-up MOS (NMOS open 
drain)” and 26 high voltage pins of “Without pull-down MOS 
(PMOS open drain)’. 

When any input/output common pin is used as input pin, 
it is necessary to set the output data as shown in Table 18. 


Table 17 1/0 Pin Circuit Forms 


Without pull-up MOS 
(NMOS open drain) 





Applied 
pins 









Do ~D3, 
R30 ~R33,_ 
Rao ~Ra3, 
Rso ~Rs3 








HLT 
output 


data 









a 

& 

a 

ae) 

6 

a) Reo~R 

3° aol 60 63, 
2 Aer R70~R23, 
ba output Rgo™~Re3 

data 


(Continued) 






Applied pins 


Without pull-down MOS 
(PMOS open drain) 






Da~Dis, 
Rio~Ri3, 







Output 
pins 
Input 
pins 


High voltage pins 


Rao, 
Ra1/V disp 










Applied pins 







Vee HLT 


HLT+mode select SCK (Note 2) 
. (Output Mode) 


Standard pins 


(Input Mode) 


(Note 1) In the stop mode, HLT signal is ‘0’, HLT signal is ‘'1’’ and I/O 


pins are in high impedance state. 
(Note 2) If the MCU is interrupted by serial interface in the external clock 
input mode, the SCK terminal becomes input only. 
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Table 18 Data Input from Input/Output Common Pins 









1/O circuit type 


For Standard pins 
“Without pull-up MOS 
(NMOS open drain)”’ 


For High voltage pins 





Available pin condition for input 









Peet 


*5Nithout pull-down MOS "0" 
(PMOS open drain)” 


@ D-port 

D-port is 1-bit I/O port, and it has 16 Input/Output common 
pins. It can be set/reset by the SED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table 17 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 


@® R-port 


QQ nart 


R-port is 4-bit 1/C port. it provides 20 input/output com- 
P P P p 


mon pins, 16 output-only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data 


Table 19 MCU Initial 


Items MCU reset 


$0000 
“t 1 va 





Program counter (PC) 
Status (ST) 





Stack pointer (SP) $3FF 
._ | Without pull-up cat 
register High voltage | Without pull-down 


pin MOS 
Interrupt Enable Flag (I/E) 
Interrupt Request Flag (IF) 
Interrupt Mask (1M) 


Interrupt flag 


Initial value by 


Output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 
output-only and/or non-existing ports. 

The Raz, R33, Rao, Rai and Raz pins are also used as the 
INTo, INT: , SCK, SI and SO pins respectively. Table 17 shows 
the classification of standard pins, high voltage pins and Input/ 
Output pins circuit types. 





= RESET 
The MCU is reset by setting RESET pin to “1”. At power 


Value by Reset 


Contents 


Execute program from the top of ROM address. 
Enable to branch with conditional branch instructions. 
Stack level is O. 


Enable to input. 


Enable to input. 


Inhibit all interrupts. 

No interrupt request. 

Mask interrupt request. 

See Item ‘Port Mode Register’. 
See Item ‘Serial Mode Register’. 
See Item ‘Timer Mode Register A’’. 





Port Mode Register (PMR) “0000"’ 
; Serial Mode Register (SMR) “0000” 
Mode register - : 
Timer Mode Register A (TMA) “000” 
Timer Mode Register B (TMB) “0000’’ 
Prescaler $000 
Timer/Counter A (TCA) $00 
Timer/Counter, Timer/Event Counter B (TCB) $00 


Serial Interface 


Ff 
fo) 
So 


Timer Load Register (TLR) 
Octal Counter 


See Item ‘Timer Mode Register B’’. 


(Note) The values of registers and flags which are not described on above table will become 












as follows. 
iter After releasing stop mode After MCU Reset 
by MCU Reset except the left 
Car (CA) The value immediately before The vaiue immediately 
Accumulator A MCU reset is not guaranteed. . before MCU Reset is 
ores eter a Initialization by the program not guaranteed. 
wy fegister __ should be required. Initialization by the 
X/SPX register _(X/SPX) program should be 
Y/SPY register (Y/SPY) required: 
Serial data register (SR) — ditto — 
The value immediately before 
MCU reset (the value : 
RAM immediately before executing — ditto — 
stop instruction) is retained. 
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ON or recovering from stop mode, apply RESET input more 
than tpc to obtain the necessary time for oscillator stabiliza- 
tion. In other cases, the MCU reset requires at least two instruc- 
tions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 
status after reset. ; 


Oscillator 





Divider 
circuit 
1/8 


® INTERNAL OSCILLATOR CIRCUIT 

Fig. 15 gives internal oscillator circuit. The oscillator type 
can be selected from the followings; crystal resonator, or ceramic 
filter resonator as shown in Table 20. In any cases, external 
clock operation is available. 


Timing 


Fig. 15 internal Oscillator Circuit 


Table 20 Oscillator Circuit Example 


Circuit configuration 


Oscillator 


External clock 
operation 


Ceramic filter Ceramic 
resonator filter 


rystal sR, 


Crystal 
resonator 


ATcut parallel resonance crystal 


oo | 
L Ci Rs 
OSC OSC2 


Co 





System 
generator clock 
circuit 
Remarks 


Ceramic filter: CSA 4.00MG (Murata) 
Re: 1MQ + 2% 
Ci: 33pF + 20% 
C2: 33pF + 20% 

Ceramic filter: CSA 6.00MG |(Murata) 
Re: 1MQ +2% 
C1: 30pF + 20% 
C2: 30pF + 20% 


Crystal: 4.194304 (MHz) 
NC-18C (Nihon Denpa Kogyo) 
R¢:. IMQ + 2% 

Cy: 22pF + 20% 

C,: 22pF + 20% 


Crystal:6.0 (MHz) 

NC-18C (Nihon Denpa Kogyo) 
R¢: IMQ + 2% 

Ci: 20pF +20% 

C2: 20pF + 20% 


Crystal: ATcut parallel resonance crystal 
Co : 7 pF max. 


Rg : 10082 max. 
f : 2.0~ 6.2MHz 


(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter maker. 
The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board. 
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter. 


(Note 2) Wiring among OSC, , OSC, and elements should be as short as possible, and never cross the other wirings. Refer to the layout 


of crystal and ceramic filter. 
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= LOW POWER DISSIPATION MODE 

The MCU provides two low power dissipation modes, that is, 
a Standby mode and a Stop mode. Table 21 shows the function 
of the low power dissipation mode, and Fig. 17 shows the 
diagram of the mode transition. 












Fig. 16 Layout of Crystal and Ceramic Filter 


Table 21 Low Power Dissipation Mode Function 








Condition 


Input/ Timer Recovering 
Instruction Register, Interrupt RAM Gurtout Counter, method 
execution Flag function an Serial 
_Aetve | Retained i 












Low Power 
Dissipation Mode 











Instruction : 
Oscillator 


circuit 
























SBY 
instruction 


STOP 
instruction 


Interface 
| RESET Input, 


Standby mode 
¥ Interrupt request 


Stop Active 


















Stop mode Stop RESET Input 


*1) STOP mode is released only by MCU Reset. Refer to Table 19 as for the values of the registers and flags after releasing stop mode. 
*2) Current flows in 1/O Circuit by I/O pin state at stand-by mode, because !/O circuit is active. 
This current is an addition to stand-by mode power dissipation. 


counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is “1”, the interrupt is executed. If the Interrupt Enable Flag 
is ‘‘O”", the interrupt request is held on and the normal instruc- 
tion execution continues. 

Fig. 18 shows the flowchart of the Standby Mode. 






Active 






RESET=“*1”" 


@ Stop Mode 

The STOP instruction brings the MCU into the Stop mode. 
In this mode the oscillator circuit and every function of the 
MCU stop. 
Fig. 17 MCU Operation Mode Transition The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 19, apply the RESET input for more than trc 
to get enough oscillator stabilization time. (Refer to the “AC 


@ Standby Mode CHARACTERISTICS”.) After the Stop mode is canceled, 
The SBY instruction puts the MCU into the Standby mode. RAM retains the state it had just before going into the Stop 
In the Standby mode, the oscillator circuit is active and timer/ mode after releasing stop mode by MCU reset, the values of the 


B register, W register, X/SPX register, Y/SPY register, carry and 
serial data register are not guaranteed. 
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Oscillator Active 
Peripheral Clocks 
Active 


All Other Clocks 
Stop 






Restart 
Processor Clocks 


No 


Restart : 
Processor Clocks 






Yes (C) 


(B) 
Execute Interrupt 
Instruction Accept 


Fig. 18 MCU Operating Flowchart 


(A) 
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Stop mode 
internal clock oe oe 







RESET 
STOP instruction execution (more than stabilization time: tre) 
Fig. 19 Stop Mode Cancel Timing Chart 

®#® RAM ADDRESSING MODE ® Direct Addressing 

As shown in Fig. 20, the MCU provides three RAM address- The direct addressing instruction consists of two words and 
ing modes; Register Indirect Addressing, Direct Addressing and the second word (10 bits) following Op-code (the first word) is 
Memory Register Addressing. used as the RAM address. 
© Register Indirect Addressing @ Memory Register Addressing 

The combined 10-bit contents of W Register, X Register and The Memory Register Addressing can access 16 digits 
Y Register is used as the RAM address in this mode. (Memory Register: MR) from $020 to $02F by using the LAMR 


and XMRA instruction. 


W-Register X-Register Y -Register 





RAM Address 


(a) Register Indirect Addressing 


Instruction 1st Word Instruction 2nd Word 
—_ r Seo se Sa Sg es 








RAM Address 





(b) Direct Addressing 


Instruction 


is ° wooo 
* OP Code 
m3] m2{™4 
Pelee slagele tac le Iaes le 


(c) Memory Register Addressing 
Fig. 20 RAM Addressing Mode 













RAM Address 
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® ROM ADDRESSING MODE AND P INSTRUCTION ~ 
The MCU has four kinds of ROM addressing modes as shown 
in Fig. 21. 


@ Direct Addressing Mode 

The program can branch to any addresses in the ROM 
memory space by using JMPL, BRL or CALL instruction. 
These instructions replace 14-bit program counter (PC,3 to 
PC, ) with 14-bit immediate data. 


@ Current Page Addressing Mode 

ROM memory space is divided into 256 words in each page 
starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace 
the low-order eight bits of program counter (PC, to PCy) with 
8-bit immediate data. 


Instruction 1st Word 


(JMPL) 
(CALL) i a el 








Program Counter PC 43PC PC 4 4PC19PCo) PCg PCy PCgPCs5 PC4 PC3 PC2 PCy PCo 


The branch destination by BR instruction on the boundary 
between pages is in the next page. Refer to Fig. 23. 


@ Zero Page Addressing Mode 

The program branches to the zero "page subroutine area, 
which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PC; to PCy) and “0’s” are placed in high-order eight 
bits (PC,3 to PCg). 


® Table Data Addressing 

The program branches to the address determined by the 
contents of the 4-bit immediate data, accumulator and B regis- 
ter, using TBR instruction. 


Instruction 2nd Word 










dy 5 


(a) Direct Addressing 





Program Counter |PC13PC42PC144PC19PCg PCg PC7 PCE PCa PCa PC3 PC2 PCy PCo 


Instruction 





(b) Current Page Addressing 


Instruction 


Program Counter |PC13PC12PC44PC 19 PCg PCg PC7 PCE PCs5 PCa PC3 PCa PCy PCa 





(c) Zero Page Addressing 


Instruction 


(TBR) 


Program Counter }PC13PC12PC44PCiQ9PCg PCg PC7 PCg PCs PCq PC3 PC PCy PCo 





(d) Table Data Addressing 


Fig. 21 ROM Addressing Mode 
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Instruction 


(P) 





a 8 le 


Referred ROM Address R A 


eee ean 
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B Register Accumulator 


— 
B3  B2 By Bo|A3z Ag Aq Ao 


RAg|RA3)/RA, RAyRAG 









(a) Address Designation 





RO, RO 


(RO 








RO, ROD 


(b) Pattern Output 


Fig. 22 


®@ P Instruction (Pattern Instruction) 

By P instruction, the ROM data determined by Table Data 
addressing is referred. When bit 8 in referred ROM data is 
“1” 8 bits of referred ROM data are written into the accumu- 


256(n 1)+ 255 
256n 





Fig. 23. The Branch Destination by BR Instruction on 
the Boundary between Pages 


P Instruction 


lator and B Register, When bit 9 is “1”’, 8 bits of referred ROM 
data are written into the RI and R2 port output register. When 
both bit 8 and 9 are “‘1’’, ROM data are written into the acc- 
umulator and B register and also to the R1! and R2 port output 
register at a same time. 

The P instruction has no effect on the program counter. 


@ Description of the branch destination on page boundary 
When BR is on page boundary (256n + 255), BR instruction 
transfers the contents of PC to the next page with hardware 
architecture. Therefore, the program branches to the next page 
when using BR on page boundary. 
The HMCS400 series cross macro assembler has automatic 
paging facility for ROM page. 


# INSTRUCTION SET 
The HD614P080S and HD614P0160S provide 99 instruc- 

tions. These instructions are classified into 10 groups as follows; 

(1) Immediate Instruction 

(2) Register-to-Register Instruction 

(3) RAM Address Instruction 

(4) RAM Register Instruction 

(5) Arithmetic Instruction 

(6) Compare Instruction 

(7) RAM Bit Manipulation Instruction 

(8) ROM Address Instruction 

(9) Input/Output Instruction 

(10) Control Instruction 
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Table 22. Immediate Instruction 




















WORD 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS 

YCLE 

Load A from Immediate 100011 isizir io 1/1 
Load B from Immediate 10000 Ois iz i; io 1/1 

Load M f i diat MID i OTTO Oisien I ___>M 
Load Memory from Immediate, Increment Y | LMIIY i 101001 isi2it to |iPM,Y+1-Y NZ Vil 
Table 23. Register-to-Register Instruction 

WORD’ - 

OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS ee 

YCL 

Load A from B LAB O B--A V1 

Load B from A 011001000 AB 1/1, 
Load A from SPX LASPX 00011 SPX—>A Beas ll 1 
Load A from SPY LASPY 00010 SPY->A Fo 1/4 
Load A from MR LAMR m 1001 1 1 mameamimo| MR(m)--A 4 
Exchange MR and A XMRA m 101 1 1 #1 msmzmimo| MR(m)<>A 171 








Table 24. RAM Address Instruction 





OPERATION | MNEMONIC OPERATION CODE FUNCTION 


STATUS 











Load W from Immediate 00111100 i; iy i—>W 
Load X from Immediate 1000 1 O ig i2 it io i——>X 








LWI i 
LXI i 
Load Y from Immediate LY! i 100001 i3 ig is io i+ Y 
Load X from A LXA 0011101000 A——>X 
Load Y from A LYA 0011011000 A——-+Y 
lY 
DY 
AYY 
SYY 


Increment Y 0001011100 Y+1-Y 
Decrement Y 00110111141 Y—1--Y 


Add A to Y 0001010100 Y+A>Y 





Subtract A from Y 0011010100 Y—-A>Y 
Exchange X and SPX 


XSPX 0000000001 X+«>+SPX 


Exchange Y and SPY XSPY 0000000010 Y<+SPY 

















Exchange X and SPX,Y and SPY | XSPXY |0000000011 | X+>SPX,Y«»SPY 








Table 25. RAM Register Instruction 











OPERATION MNEMONIC | OPERATION CODE FUNCTION 





Load A from Memory LAM(XY) |00100100yx MA, (X°7$8%) 
Load A from Memory LAMD Oot ee edrdece M—A 


Load B from Memory LBM(XY) o0010000Yy x 
Load Memory from A LMA(XY) 00100101yx 
0110010100 i 

Load Memory from A LMAD d dy dedr de dadcdededids A-—-M 

Load Memory from A, Increment Y LMAIY(X) 000101000x |A-+M,Y + 1-Y(x- -SPX) 
Load Memory from A, Decrement Y LMADY(X) |001101000x |A-M,Y— 1-Y(x--SPx) 


Exchange Memory and A XMA(XY) |00100000y x M-+A, (%* 788%) 


MB, (¥21gpy) 


A->M, (¥-!Spy) 

















O0TTO000000 MA 
Exchange Memory and A XMAD d dodges ded. did.de ards 
Exchange Memory and B XMB(XY) |00110000yx M--B, (¥.:Spy) 
@ HITACHI 


STATUS 


eta 
ae 
ee 


WORD 
CYCLE 
1/1 
2/2 
1/1 
7% 
2/2 
Lr 
1/1 
1/1 
2/2 
V1 
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Note) (XY) and (x) have the meaning as follows: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (eXample of LAM (XY) is given below.) 











Table 26. Arithmetic Instruction 





















































PERATION EMmonic | OPERATION CODE [ 
dd oT os T010008hh b 
increment SSS BT OOO TOOT 00 
7 ene “Tooitooiiit 
Decimal Adjust for Addition ~foo10100110 
Bediel Adietior suswacion ‘Jooioioror0| 
NSE 9 os a eves NEON. OOOO COC0 |; Artes 
Complement 8 | comB [1010000001 


Rotate Right A with Carry | 


[0010100000 


[0010100001 








Rotate Left A with Carry 

















Set Carry [001 1101111/. 10CA 
Reset Carry _— “T1004 4701100'|.  -OsCa. * 
Test Carry aie -"Too01101111).. 
Add A to > Memory eT AM.SC«L 000001000 | M+AHA 














socaseteeet a 
z 
.| 
i 



























































Pee rpaenhen eae ea = -+ 

Add Ato Memory | AMD 4 | Ridadidatotedteide | M+A-A | 
Add A to Memory with Carry AMC | OO000 T1000) MiGme 
e th Care, | AMCH a 10100011000 | MtAt+CA>A 
Add Ato Memory with Carry __| Amco a |) dodedr de ds de dad: dito | NOVESSGA 
Subtract A from Memory with Carry SMC 10010011000 _M— Pais al 
Subtract A from Memory with Carry a SMCD d d | cee i: 99 aa Re) 9 o. ep ae ee 
OR A and B I OR 0101000100 AL JB >A 
AND Memory with A  ANM [oo1o0 1100 

AND NV eT any gq |O1T0011100— 

AND Memory with A Ee ahaa ds de dr ds ds da da dz ds do 

OR Memory with A ORM (eo Oooo t Tee 

SR Memar nn eee TOpaan gd 101000011001 ~ 

OR Memory with A a Gat tea eet eekly amp . | dg de d7 ds dg dada dad do . 

EOR Memory with A EORM 0000011100 

” It poe OO O00 1 F600 
EOR Memory with A _ case! Satyen She EORMD d> dg de d7 de ds da d3 d2 di do | 
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Table 27. Compare Instruction 
np 


OPERATION MNEMONIC ; OPERATION CODE | FUNCTION 
Immediate Not Equal to Memory 0000 1 Ois i2 is to i#x=M 


immediate Not Equal to Memory e cae ow i Ut 





A Not Equal to Memory ANEM 0000000100 
A Not Equal to Memory ANEMD d [9199090100 


B Not Equal to Memory BNEM 
Y Not Equal to Immediate YNEI i 


0001000100 


0001 1.1 i3 i2 i; to ¥24 
00001 1 i3 1211 to isM 


immediate Less or Equal to Memory ILEMD id doit dcosdn oa 





> 
ead 


Immediate Less or Equal to Memory LEM i 











A Less or Equal to Memory ALEM 0000010100 
A Less or Equal to Memory Da aead ne i 7 ] 
B Less or Equal to Memory BLEM 0011000100 
A Less or Equal to Immediate 101011 isizir io 





Table 28. RAM Bit Manipulation Instruction 





0010001 1 nino 


: 01100011 nin 
Test Memory Bit TMD 7.0 | Go de dy de ds dads de di do 


Test Memory Bit TM n 





Set Memory Bi 97149999. 5,0'%8| Mio) 
Reset Memory Bit REM n 0010001 Onino 
Reset Memory Bit REMD nid | 911900 | Q nio 

feces ened 


Table 29. ROM Address Instruction 





Return from Subroutine RTN 0000010000 
0000010001 


OPERATION MNEMONIC | OPERATION CODE | FUNCTION 
Branch on Status 1 11 bybebsbabsbabibo 
0101 1 1 P3P2piPo0 
Long Branch on Status 1 BRL ) ode hd ddd ce do P| 
‘ke 2P1V0 
Long Jump Unconditionally JMPL ou Os dg d7 de ds da d3 dod: do | 
Subroutine Jump on Status 1 CAL a |01 1 1 as5aqa3a2a1a0 P| 
j 1 p3 Pp 
Long Subroutine Jump on Status 1 CALL u ch io aA. aodids an 
Table Branch TBR Pp |00101 1 psp2pipo es 


Return from Interrupt RTNI 


1>1 
CA RESTORE 
Table 30. Input/Output Instruction 


OPERATION MNEMONIC OPERATION CODE FUNCTION 


Set Discrete I/O Latch SED 1—D(Y) 
Set Discrete |/O Latch Direct SEDD m |}10 1 1 1 0 m3mamimo 1—D(m) 
Reset Discrete I/O Latch O—D(Y) 
Reset Discrete I/O Latch Direct 0-—D(m) 


Test Discrete !/O Latch 00113100000 
Test Discrete I/O Latch Direct TDD 1010 1 0 msmamimo 
Load A from R-Port Register LAR 



















+ 
oO 





3 


1001 0 1 msmoamimo Rimj—A 


rimi=8 
Ai 
=a 


Load B from R-Port Register LBR 
Load R-Port Register from A LRA 
Load R-Port Register from B LRB 


Pattern Generation 


© HITACHI 


STATUS 


NZ 
NZ 
NZ 
NZ 
NZ 
NZ 


FUNCTION {STATUS 


Min) 


STATUS 


STATUS 


D(Y) 


= 
fo) 
2 
S 


ek 
< 
x 
m 


2/2 
171 
2/2 
V1 
1 
v1 
2/2 
1/1 
2/2 
V1 
V4 


WwoR 
pie 
1/1 
2/2 
1/1 
2/2 
V1 
2/2 





WORD 

Heli 
V1 
2/2 
2/2 
1/2 
2/2 
V1 
1/3 
1/73 
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Table 31. Control Instruction 
























































OPERATION MNEMONIC OPERATION CODE FUNCTION status |" 
CYCLE 
No Operation NOP | 9000000000 | va 
Start Serial STS 0101001000 1/1 
Stand-by Mode SBY 0101001100 1/1 
Stop Mode STOP 0101001101 ‘ea 
Table 32. Op-Code Map 
Sis cg nt enn nanan a 
RIN of 17 27 3] s[6[7[elalaleic 
| © [NoPisPxixser RSF TAN AM| ora 
1 |RTNRTN ALEM AMC “teoRM, 
INEM (4) 
EMC 
~LBM(XY) BNEM AB iB] 
NEGA —- _ — tcl 
0 YNE! _ M4) Co ate pe et 
XMA(XY) SEM n(2) REM n(2) TM. n(2) 
LMA(XY) {SMC , ANM. 
 ROTRROTL | DAA DAS ; LAY 
TBR p(4) 


Cc 


[same 


LMADY(X 


TO] | se 
























































[7] | 9] 9] &| >| | | s/o) a] @| 9) s/ =[ 0] =] mo] 0] | >| | Sf a] a] af] 
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LW! i(2) 
LBI i(4) 
LY! i(4) 
Lx! (4) 
LAI i(4) ae a 
LBR m4) : 
LAR —(“(‘é‘éK‘SYSC:*~*# - 
REDD ma) 22200” 
LAMR m(4) a 

iad Al ~ (4) 

LMIly (4) : 
TOD m4 

=" ALE! iano 
LRBi(stm“)C™” i: 
LRA m(4) iit 
SEDD m4) a 
XMRA mia) i 








... 1 word/2 cycle 
Instruction 

















... 1 word/3 cycle 





]-+- 2 word/2 cycle 


fe: ... RAM Direct Address 


instruction Instruction | Instruction 
(2 word/2 cycle) 
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= PRECAUTION TO USE THE EPROM ON-PACKAGE Temperature: lower than 250°C 

4 BIT SINGLE CHIP MICROCOMPUTER Time : within 10 sec. 

Please pay attention to the followings, since this MCU has Over time/temperature may cause the bonding solder 
special structure with pin socket on the package. of socket pin to melt and the socket pin may drop. 

(1) Don’t apply high static voltage or surge voltage over MAX- | (b) Note that the detergent or coating will not get in 
IMUM RATINGS to the socket pins as well as the LSI the socket during flux washing or board coating 
pins. after soldering, because that may cause bad effect on 
If not, that may cause permanent damage to the device. socket contact. 

(2) When using this in production like mask ROM type single (c) Avoid permanent application of this under the con- 
chip microcomputer, pay attention to the followings to dition of vibratory place and system. 
keep the good contact between the EPROM pins and socket (d) The socket, inserted and pulled repeatedly loses its 
pins. contactability. It is recommended to use new one when 
(a) When soldering the LSI on a print circuit board, the applied in production. 


recommended condition is 


Table 33 Differences anong HD614P080S/HD614P0160S and HMCS402/404/408 


Type name 
Item 


Minimum instruction 
Power supply voltage 4.5~ 5.5V 4.5 ~ 5.5V 4.5 ~ 6V 2.7~ 6V| 4.5 ~ 6V 2.7 ~ 6V 4~ 6V 


© 4096 words x 16384 words x 


10 bits 10 bits 8192 words 
ROM (using standard | (using standard 4,096 words x 10 bits 2,048 words x 10 bits x 10 bits 
EPROM 2764) |EPROM 27256) Mask ROM Mask ROM Mask ROM 


o 8192 words x 
10 bits (using 
standard 
EPROM 27128) 


RAM 576 digits x 4 bits 256 digits x 4 bits 160 digits x 4 bits Leyes 


Standard pins] All pins are ‘‘without pull-up MOS | Each pin selects ‘‘without pull-up MOS (NMOS open drain)”, ‘‘with pull-up MOS”, 
1/0 pin (NMOS open drain)”. or ‘“‘CMOS”.. 
circuit 
High Voltage | All pins are ‘without pull-down Each pin selects ‘‘without pull-down MOS (PMOS open drain)" or “with pull-down 
pins MOS (PMOS open drain).”’ MOS.” 
Crystal : : ; ‘ ; : ; : 
Clock Available Available | Available} Available | Available | Available | Available | Available 
generator 
Available Available | Available | Available | Available | Available | Available | Available 
resonator 
Resistance ; . 


Shrink type 64-pin EPROM on 
package (DC-64SP). 

The base chip pins are compatible 
with those of the HMCS404 
AC/C/CL, HMCS402AC/C/CL and 
HMCS408C 


Bena 23 x 57.3 17x 57.6 19.6 x 25.6 


High from 7.5 (max.) 
stand-off EPROM on package 











Shrink type 64-pin dual-in-line plastic package (DP-64S) or 64-pin 
flat plastic package (FP-64). 





Package 










5.1 (max.) 2.9 (max.) 


(mm) 
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HMCS412AC 





(HD614120/HD6141 acl D614128) 


Description 


The HMCS412C/CL/AC are CMOS 4-bit single- 
chip microcomputers in the HMCS400 series. 
Each device incorporates ROM, RAM, I/O, 
and timer/counter and contain high-voltage 
I/O pins including high-current output pins to 
drive a fluorescent display directly. 


Features 


4-bit architecture 
2048 words of 10-bit ROM 
160 digits of 4-bit RAM 
36 I/O pins, including 24 high-voltage I/O 
pins (40 V max) 
Timer/counter 
—11-bit prescaler 
—8-bit auto-reload timer/event counter 
(timer B) 
@ Three interrupt sources 
—External: 2 
—Timer/counter: 1 
@ Subroutine stack 
—Up to 16 levels including interrupts 
@® Minimum instruction execution time 
—0.89 us: HMCS412AC 
—1.78 us: HMCS412C 
—3.55 us: HMCS412CL 
@ Low power dissipation modes 
—Standby: Stops instruction execution 
while allowing clock oscillation and 
interrupt functions to operate 
—Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 
@ On-chip oscillator 
—Crystal or ceramic filter 
—External clock input 


@ Package 
—Standard 42-pin dual in-line plastic 
package 
—42-pin shrink dual in-line plastic pack- 
age 


—44-pin flat plastic package 


Instruction set compatible with 
HMCS404; 98 instructions 

@® High programming efficiency with 10-bit/ 
word ROM: 78 single-word instructions 

@ Direct branch to all RAM areas 

@ Direct or indirect addressing of all RAM 
areas 

@ Subroutine nesting up to 16 levels includ- 
ing interrupts 

@ Rinary and BCD arithmetic operations 

@ Powerful logical arithmetic operations 

@ Pattern generation-table lookup capabil- 
ity 

@ Bit manipulation for both RAM and I/O 


Program Development Support Tools 


@® Cross assembler and simulator software for 
use with IBM PCs and compatibles 


® Incircuit emulator for use with IBM PC 

HD614P180 with the following fixed 

options: 

—I/O pin: open drain 

—QOscillator: crystal or ceramic filter oscil- 
lator 
(externally drivable) 

—Divider: Divide by 8 

—Package: standard 42-pin dual in-line 
ceramic package 


Ordering Information 





Item HMCS412C HMCS412CL HMCS412AC 
Product HD614120 HD614125 HD614128 
Name 

Power Supply 3.5 to 6 2.5 to 6 4.5 to 6 

(V) 

Typical 2 4 1 

instruction 


Cycle Time (xs) 
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Pin Arrangement : 


NC: No Conection 


(DP-42, DP-42S) (FP-44A) 
(Top View) (Top View) 





Block Diagram 


R33/ R32/ 
INT: INTo RESET TEST OSC: OSC2Vcc GND 


[er 
{ 
| 


I 
RA1/Vdisp 
Ps creostl om us External System Control 
Interrupt 
ROM 
Interrupt Control 
> 


2,048 x 10-bit 
Instruction 
160 X4-bit Decoder 





R43R42R41R40 R33/R32/R31R30 2sR2sh2 2g AAT R14 IROaRO2RO:ROo 
INTIINTo 
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Pin Description 


GND, Vcc, Vaisp (Power) 


GND, Vcc, and Vudisp are the power supply pins 
for the MCU. Connect GND to the ground (0 
V) and apply the Vcc power supply voltage to 
the Vcc pin. The Vaisp pin (multiplexed with 
RA) is a power supply for high-voltage I/O 
pins with maximum voltage of 40 V (Vcc—40 
V). For details, see Input/Output section. 


TEST (Test) 


TEST is for test purposes only. Connect it to 


Voc. 


RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC:, OSC2 (Oscillator Connections) 


OSC: and OSCz2 are input pins for the internal 
oscillator circuit. They can be connected toa 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 


Functional Description 
ROM Memory Map 


The MCU includes 2,048 words x 10 bits of 
ROM. ROM is described in the following par- 
agraphs and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F can be used 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


Zero-Page Subroutine Area (S0000 to 
$003F): Locations $0000 through $003F can 
be used for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SO7FF): Locations 
$0000 through $07FF can be used for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 


Program Area ($0000 to $07FF): Locations 
from $0000 to $07FF can be used for program 


Do—Dua (D Port) 


The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to D3 are standard and Dg, to Dia are 
high-voltage pins. The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output section. 


ROo—RO3, Rlo—R13, R20o—R23, R30—R3s, 
R4.—R43, RA: (R Ports) 


RO to R4 are 4-bit ports. RA is a 1-bit port. RO 
is an Output port, RA is an input port, and Ki 
to R4 are I/O ports. RO, R1, R2, and RA are 
high-voltage ports, and R3 and R4 are stan- 
dard ports. Each pin has a mask option which 
selects its circuit type. The pins R32, and R33 
are multiplexed with INTo and INT: respec- 
tively. For details, see Input/Output section. 


INTo, INT: (Interrupts) 


INTo and INT; are external interrupts for the 
MCU. INT; can be used as an external event 
input pin for timer B. INTo and INT; are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 


code. 
RAM Memory Map 


The MCU includes 160 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 


Interrupt Control Bit Area (S000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area (S004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter- 
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
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cannot be accessed by RAM bit manipulation 
instructions. 


390 








wh 


Vector Address 


0 JMPL Instruction 
(Jump to RESET Routine) 
~~ JMPL Instruction 
(Jump to INTo Routine) 
Zero-Page Subroutine JMPL Instruction 
(64 Words) (Jump to INT: Routine) 


Program 
Pattern 
(2,048 Words) 


Not Used 


Figure 1. ROM Memory Map 


RAM-Mapped Registers ; 
Interrupt Control Bits 


Memory Registers (MR) 
\ Port Mode Register (PMR) 1 W 


Not Used 
(96 Digits) Not Used 


Timer Mode Register B (TMB)! W 


: ‘ (TCBL/TLRL)! R/W |SOOA 
Timer B 
(TCBU/TLRU): R/W }$00B 


Not Used 
Not Used 
Stack 
(64 Digits) 


* Two registers are mapped on same address. 


; Timer/Event Counter B Lower! Timer Load Reg. Lower | 
R: Read Only (TCBL) : R (TLRL) | WwW 

W: Write Only 

, Timer/Event Counter B Upper: Timer Load Reg. Upper | 
R/W: Read/Write. (TCBU} : R (TLRU) : WwW 


Figure 2. RAM Memory Map 
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Data Area ($020 to $07F): 16 digits of $020 
through $02F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 


Stack Area ($3CO0 to S3FF): Locations $3C0 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su- 


broutine call (CAL-instruction, CALL- 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 


bit 3 bit 2 bit 1 bit O 










































IMO IFO RSP 

O as pests : $000 

(IM of INTo) (IF of INT) (Reset SP Bit) 
a $001 

Not Used tes 
1 Not Used ot Use (IM of INT; ) 
IMTB IFTB 

002 


F: Interrupt Request Flag 
M: Interrupt Mask 

i/E: Interrupt Enable Flag 
SP: Stack Pointer 


Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 

The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction. 





Figure 3. Configuration of Interrupt Control Bit Area 


Memory Registers Stack Area 


Level 16 I[$3CO 


Level 13 
Note: As the HMCS412C/CL/AC have 2k 
ROM, PCi1, PCi2 and PC;3 are not used. 


bit 3 bit 2 bit 1 bit O 


PCi3 to PCo: Program Counter 
ST: Status 
CA: Carry 


Level 


Level 


9 
8 
7 
6 
4 
3 
2 
1 


Level 





Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 
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Registers and Flags 


The MCU has nine registers and two flags for 
the CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis- 
ters. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis- 
ter is write-only register. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 





Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack and res- 
tored back from the stack by a RTNI instruc- 
tion, but not by a RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trols the sequence in which the instructions 
stored in ROM are executed. 


Stack Pointer (SP): The stack pointer (SP) is 
used to point the address of the next stacking 
area (up to 16 levels). 


The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in- 
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 


Y Register 
SPX _ Register 


SPY Register 


Carry Flag 


Status Flag 


Program Counter 


Stack Pointer 


Figure 5. Registers and Flags 
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The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 


Interrupt 


Three interrupt sources are available on the 
MCU: external requests (INTo, INT), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM) and interrupt vector addresses are pro- 
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control an interrupt operations. 


Table 1. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET ~ $0000 
INTo 1 $0002 
INT; 2 $0004 
Timer B 3 $0008 


MTB 





Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to O, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 


Table 2. Interrupt Service Conditions 








Interrupt Control Bit INTo INT; Timer B 
I/E 1 1 1 
IFO-IMO 1 0 0 
IF1-IM 74 * 1 O 
IFTB-IMTB HO 


* Don’t care 


Sequence 
Control 
-Push PC/CA/ST 


‘Reset |/E 
‘Jump to Vector 
Address. 





Vector Address 
Priority Control PLA 


Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INT:): The 
external interrupt request inputs (INTo, INT) 


can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INTi pin and R32/INTo pin to be 
used as INT; pin and INT pin respectively. 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT; 
inputs (table 4). 


The INT; input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT; input. When 
using INT, as timer B external event input, 
the external interrupt mask (IM1) has to be 
set so that the INT; interrupt request will not 
be accepted (table 5). 


External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT; inputs 
respectively. 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: $004): The 4-bit 
write-only port mode register controls the 
R32/INTo pin, and R33/INT; pin as shown in 
table 6. The port mode register will be initial- 
ized to $0 by MCU reset. These pins are 
therefore initially used as ports. 





Table 3. Interrupt Enable Flag Table 6. Port Mode Register 

Interrupt Enable Flag Interrupt Enable/Disable PMR3 R33/INT; Pin 

0 Disable _ 0 Used as R33 port input/output pin 

1 Enable 1 Used as INT; input pin | 
Table 4. External Interrupt Request 

Flag PMR2 R32/INTo Pin 

External Interrupt Request Flags Interrupt Requests 0 Used as R32 port input/output pin 
eae i 4 Used as INTo input pin 

1 Yes 
Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 

1 Disable (masks) 
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Instruction 
Cycles 





Instruction 
execution 














Stacking, 
Vector address 
is generated 






Interrupt 
accepted 


Stacking, 
Reset of I/E 













JMPL instruction execution on the 
vector address 





Instruction 
execution at 

starting address 
of the interrupt 
routine 


Figure 7. Interrupt Servicing Sequence 
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Power 
ON 












No 
Yes 
Interrupt ¥ 
Request id 
No 
Yes 
(A) (C) 
Reset MCU Execute Interrupt 


Instruction 






Accept 


PC < (PC)+1 I/E<O 
Stack <— (PC) 


Stack < (CA) 
Stack <— (ST) 


y INTo 
PC <- $0002 es Interrupt 
| ? 
No 
PC < $0004 


No 


| PC <- $0008 (Timer B Interrupt) 


| Figure 8. Interrupt Servicing Flowchart 
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Timer 


The MCU contains a prescaler and a timer/ 
counter (timer B, figure 9) whose functions 
are the same as HMCS404C'’s. The prescaler is 
an 11-bit binary counter, and timer B is an 8- 
bit auto-reload timer/event counter. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
the RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer B. The prescaler divide ratio is 
selected by the timer mode register B (TMB). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT; as INT; and 
set the external interrupt mask (IM1) to pre- 
vent an external interrupt request from oc- 
curring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. Then case, if the auto- 
reload function is selected, timer B is initial- 
ized to the value of the timer load register. If 
it is not selected, timer B goes to $00. The 


Timer Mode Register B 


TMB (4 bit) 


INT; 
>} Timer B MPX 


N 
~ 
+}. 


Prescaler (11 bit) 


System 
Clock 





timer B interrupt request flag (IFTB: $002 bit 
0) will be set at this overflow output. 


Timer Mode Register B (TMB: S009): The 
4-bit write-only timer mode register B (TMB) 
selects the auto-reload function, the prescaler 
divide ratio, and the source of the clock input 
signal, as shown in table 7. The timer mode 
register B is initialized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Timer B should be 
initialized by writing data into the timer load 
register after the contents of TMB are chan- 
aed. Configuration and function of timer 
mode register B is shown in figure 10. 


Timer B (TCBL: S0O0A, TCBU: SOOB, TLRL: 
SO0A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each has a 
low-order digit (TCBL: $00A, TLRL: $00A) and 
a high-order digit (TCBU: $00B, TLRU: $00B) 
(figure 2). 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 


Internal Bus Line (S1) 


TL (4 bit) 
Timer Latch 


TCB (8 bit) TBOF 
Timer/Event Counter B 


TLR (8 bit) 
Timer Load Register 


IFTB 
Interrupt 


Request Flag 
of Timer B 


Internal Bus Line (S2) 


Figure 9. Timer Block Diagram 
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the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 


Timer B Interrupt Request Flag (IFTB: 


$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 


Table 7. Timer Mode Register B 


TMB3 Auto-reload Function 
0 No 
1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 


6) 0) 0 + 2048 
0 0 1 = 512 
O 1 6) = 128 
O 1 1 = 32 
1 0 0 = 8 
1 0 1 = 4 
1 1 0 = 2 


INT; (External Event input) 


~<a 
—_ 
_— 


PMR: $004 


mi DX 


TMB: $009 


TMB3 | TMB2 | TMB1 | TMBO 
—————______——_ ,—__—-—_—_ 


(table 8). 


Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B Interrupt mask prevents an 
interrupt request from being generated by 
the timer B interrupt request flag (table 9). 


Table 8. TimerB Interrupt Request Flag 


Timer B Interrupt 
Request Flag Interrupt Request 
0 No 


1 Yes 


Table 9. Timer B Interrupt Mask 
Timer B Interrupt Mask Interrupt Request 
O Enable 

1 Disable (Mask) 


R32/INTo pin mode selection 


R33/INT1 pin mode selection 


eee Timer B input clock selection 


Auto-reload function selection 





Figure 10. Mode Register Configuration and Function 
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Input/Output 


The MCU has 36 I/O pins, 12 standard and 24 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
pull-up MOS (NMOS open drain). One of two 
circuit types can be selected for each high- 
voltage pin: with pull-down MOS and with- 
out pull-down MOS (PMOS open drain). Since 
the pull-down MOS is connected to the 
internal Vaisp line, Vaiss must be selected for 
the RAi/Vaisp pin via mask option when at 
least one high-voltage pin is selected as with 
pull-down MOS. See table 10 for I/O pin cir- 


cuit tynes, 
When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected as specified in table 11. 


Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
Figure 11 is used to shorten rise time of out- 
put. 


When the MCU executes an output instruc- 
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 , a high output 
level is maintained by the pull-up MOS (C). 


When the HLT signal becomes O in stop 
mode, MOS (A) (B) (C) turn off. 


D Port: The D port I/O port has 15 discrete 
I/O pins, each of which can be addressed 
independently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc- 
tions. See table 10 as for the classification of 


standard pin, high-voltage pin, and the I/O 
pin circuit types. 


R Ports: The six R ports in the HMCS414 are 
composed of 16 I/O pins, 4 output-only pins, 
and 1 input-only pin. Data is input through 
LAR and LBR instructions and output 
through LRA and LRB instructions. The MCU 
will not be affected by writing into the input- 
only and/or non-existing ports, while invalid 
data will be read from the output-only and/or 
non-existing ports. 


The R32 and R33 pins are multiplexed with 
the INTo and INT; pins respectively. See table 
10 as for the classification of standard pins, 
high-voltage pins and selectable circuit types 
of these I/O pins. 


Unused I/O Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the maifunction. 


High-voltage pins: select without pull-up 
MOS (PMOS open drain) via mask option and 
connect to Vcc on the printed circuit board. 


Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 


Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy trc for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 


Table 12 shows the parts initialized by MCU 
reset, and the status of each. Table 13 shows 
how registers recover from stop mode. 
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Table 10. I/O Pin Circuit Types 


Without pull-up MOS With pull-up MOS Applicable 
(NMOS open drain) (A) (B) pins 


Input. 


Standard Pins 





Table 10. I/O Pin Circuit Types (Cont) 


Without pull-down MOS ? Applicable 
: With pull-down MOS (E) : 
(PMOS open drain) (D) pins 


” 
£ 
a. 

® 

) 
2 

° 
> 
< 
2 
<= 





Table 10. I/O Pin Circuit Types (Cont) 


Without pull-up MOS (NMOS open drain) Applicable 
With pull- 






Standard Pins 


Note: In the stop mode, HLT signal is O, HLT signal is 1 and I/O pins are in high impedance state. 
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Table 11. Data Input from Input/Output Common Pins 


1/O Pin Circuit Type Input Possible Input Pin State 
Standard Pins CMOS No —< 

Without pull-up MOS 

: Yes 1 

(NMOS open drain) 

With pull-up MOS Yes 1 
High Voltage Pins Without pull-down MOS y 0 

es 
(PMOS open drain) 


With pull-down MOS Yes O 





O° oe 











| | Write pulse 
(Output 


instruction) 





PMOS (B) 





Pull-up MOS (C) 






HLT 






( )}— 






NMOS {A) 


On Resistance Value 







approx. 1 kQ 






approx. 60 kQ to 1 MQ (Vcc = 3 V) 
approx. 30 kQ to 160 kO (Voc = 5 V) 


approx. 30kQ to 160 kQ 
(Vcc = 5 V) 








1 Instruction cycle 


Output instruction execution 
Write pulse ee —_ 


Figure 11. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Table 12. Initial Value After MCU Reset 


items 


Program Counter (PC) 


Status (ST) 


Initial Value by 

MICU Reset Contents 

$0000 Execute program from the top of ROM 
address 

1 Enable to branch with conditional branch 


instructions 


Stack Pointer (SP) $3FF Stack level is O 
1/0 Pin Standard Pin (A) Without Pull- 1 Enable input 
Output Register Up MOS 
(B) With Pull-Up 1 Enable input 
MOS 
(C) CMOS 1 a 
High Voltage (D) Without Pull- O Enable input 
Pin Down MOS 
(E) With Pull- 6) Enable input 
Down MOS 
Interrupt Flag Interrupt Enable Flag (!/E) 0 Inhibit all interrupts 
Interrupt Request Flag (IF) O No interrupt request 
Interrupt Mask (IM) 1 Mask interrupt request 
Mode Register Port Mode Register (PMR) 0000 See port mode register 
Timer Mode Register B (TMB) O0Q00 See timer mode register B 
Timer/Counter Prescaler $000 — 


Timer/Event Counter B (TCB) $00 — 


Timer Load Register (TLR) $00 — 


Table 13. Initial Value after Stop Reset 


item 

Carry 
Accumulator 

B Register 

W Register 
X/SPX Registers 
Y/SPY Registers 
RAM 


(CA) 
(A) 

(B) 

(W) 
(X/SPX) 
(Y/SPY) 


After Recovering from Stop After MCU Reset (Non-Stop 
Mode by MCU Reset Mode) 


The contents of the items before MCU reset are not retained. 


It is necessary to initialize them by software. 


The contents of RAM _ before The contents of the items before 

MCU reset (just before STOP MCU reset are not retained. 

instruction) are retained. It is necessary to initialize them by 
software. 
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15 for selection of the type. In addition, see 
figure 13 for the layout of the crystal or 


Figure 12 outlines the internal oscillator cir- ceramic filter. In all cases, external clock 
cuit. Through mask option, either crystal os- operation is available. Three divide ratios, 1/ 
cillator or ceramic filter oscillator can be 16, 1/8, and 1/4, are selectable via mask option 
selected as the oscillator type. Refer to table (table 14). 


Table 14. Internal Oscillation Circuit 
Mask Option 


Divider 1/16 
1/8 
1/4 


Oscillator Crystal 


Ceramic 


TN\.n AQ 
woomacor 


(Selectable 


with mask 
options) 


ae | 


vividael Timing 
generator 
circuit 


circuit 
(Mask Option 
Selectable) 





Figure 12. Internal Oscillator Circuit 

















HMCS HMCS HMCS 
412C 412CL 412AC 
= O se 
O = 
O O 
O O O 
O O O 
Figure 13. Layout of Crystal and 
Ceramic Filter 
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Table 15. Examples of Oscillator Circuits 


Circuit Constants 








Circuit Configuration 

























External 
Clock 
Operation 


Oscillator 


OSC 
Open—OSC2 

















Ceramic filter 
CSA4.00MG 


Ceramic filter 
CSA 4.00MG 


Ceramic filter 
CSA 4.00MG 


Ceramic 
Filter 



















Oscillator Ceramic CSA 2.000MK CSA 2.000MK (Murata) 
ase (Murata) (Murata) Rr: 1 MQ + 20% 
Re: 1 MQ + 20% Re: 1 MQ + 20% C1: 30 pF + 20% 
C1: 30 pF + 20% C1: 30 pF + 20% Co: 30 pF + 20% 
C2: 30 pF + 20% Co: 30 pF + 20% 


















































Rr: 1 MQ + 20% 
C1: 10-22 pF + 20% 
C2: 10-22 pF + 20% 
Crystal: equivalent to 
circuit shown 

Co: 7 pF max. 

Rs: 100 Q max. 
f:1.0-—4.5 MHz 


Rr: 1 MQ + 20% 
C1: 10-22 pF + 20% 
C2: 10-22 pF + 20% 
Crystal: equivalent to 
circuit shown 

Co: 7 pF max. 

Rs: 100 2 max. 
f:1.0-4.5 MHz 


Crystal 
Oscillator 


Re: 1 MQ + 20% 
C;: 10-22 pF + 20% 
C2: 10-22 pF + 20% 
Crystal: equivalent to 
circuit shown 

Co: 7 pF max. 

Rs: 100 QO max. 
f: 1.0-—4.5 MHz 
















GND 


AT cut parallel 
resonance crystal 









Re: 2 MQ + 20% 
C,: 10-22 pF + 20% 
Co: 10-22 pF + 20% 
Crystal: equivalent to 
circuit shown 

Co: 7 pF max. 

Rs: 100 2 max. 
f:1.0-2.25 MHz 
























GT cut parallel 
resonance crystal 


osc} L cr 080 
Co 


Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended 
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal, 
ceramic filter resonator, and the floating capacitance in designing the board. In employing 
the resonator, please consult with the engineers of the crystal or ceramic filter maker to 
determine the circuit parameter. 

2. Wiring between OSC, OSCz2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 13). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
16). Figure 14 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 


tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 





Table 16. Low Power Dissipation Mode Function 





Low Power Input/ 
Dissipation Oscillator Instruction Register, Interrupt Output Timer/ Recovery 
Mode instruction Circuit Execution Flag Function RAM Pin Counter Method 
Standby mode SBY Active Stop Retained Active Retained Retained Active RESET 
instruction (Note 3) input, 
interrupt 
request 
Stop mode STOP Stop Stop RESET Stop Retained High Stop RESET 
instruction (Note 1) impedance input 
(Note 2) 
Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 13 for the contents of 


the flags and registers. 

2. A high-voltage pin with a pull-down MOS is tied to the Vdisps power supply through the pull- 
down MOS. As the pull-down MOS stays on, a pull-down current flows when a difference 
between the pin voltage and the Vuiso voltage exists. This is in addition to the current 
dissipation in stop mode (lstop). 

3. As an I/O circuit is active, an 1/O current may flow, depending on the state of I/O pin in 
standby mode. This is in addition to the current dissipation in standby mode. 


Active 


=0 


Standby 
Mode 


ti 
Y) 
LJ 
cc 





Figure 14. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1-at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 


Figure 15 shows the flowchart of the standby 
mode. 


Oscillator active 
Peripheral clocks 
active 

All other clocks 
stop 


Restart 
processor clocks 


(A) 
Reset MCU 


(B) 
Execute . 
instruction 


Figure 15. MCU Operating Flowchart in Standby Mode 





Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to trc for oscil- 
lation to stabilize. (Refer to AC Characteris- 
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y/SPY registers, and car- 
ry may not retain their contents. 


Restart 
processor clocks 
Yes (C) 
Interrupt 
accept 
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RAM Addressing Mode 


As shown in figure 17, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 18. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


When BR is on a page boundary (256n + 255) 
(figure 19), executing a BR instruction trans- 
fers the PC contents to the next page accord- 
ing to the hardware architecture. Conse- 
quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 


pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL instruc- 
tion is executed, 6-bits of immediate data are 
placed in the low- order six bits of the pro- 
gram counter (PCs to PCo) and Os are placed 
in the high-order eight bits (PCi3 to PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 20). When bit 8 in the ROM 
data is 1, 8 bits of ROM data are written into 
the accumulator and B register. When bit 9 is 
1, 8 bits of ROM data are written into the R1 
and R2 port output register. When both bits 8 
and 9 are 1, ROM data are written into the 
accumulator and B register and also to the R1 
and R2 port output register at the same time. 


The P instruction has no effect on the pro- 
gram counter. 


| Stop mode | 


Internal clock i 


RESET — _. 


STOP instruction execution 


(more than stabilization time: tac) 





Figure 16. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 
[On sete Re 6 ee res Oe PON ea ie eg oy 


Register Indirect Addressing 









RAM Address 


Instruction 1st Word Instruction 2nd Word 


Cie te ee ee ee ee 


Direct Addressing 

















RAM Address 


Instruction 


RAM Address 


Memory Register Addressing 


Figure 17. RAM Addressing Mode 
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(JMPL) 
(BRL) 


(CALL) 
Instruction 1st Word Instruction 2nd Word 


Program Counter}PCi3 PC12 PC11 PC10 PCa PCs PC7 PCe6 PCs PCa PC3 PC2 PC: PCo 


Direct Addressing 





Instruction 





Program Counter }PCi3 PCi2 PC11 PCi0 PCa PCg PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Current Page Addressing 


Instruction 





Program Counter |PC13PCi2PCi1 PCio PCs PCs PC7 PCe PCs PC4 PC3 PCz PC: PCo 


Zero Page Addressing 


Instruction 








(TBR) Accumulator 





As A2 Air Ao 







Program Counter |PC13PC12 PC11PC10 PCa PCs PCz PCe PCs PC4 PC3 PC2 PC: PCo 


Table Data Addressing 


Figure 18. ROM Addressing Mode 
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256(n—1)+255 
BR AAA 256n 


AAA NOP 


256n+254 
256n+255 
256(n+1) 


BBB NOP 





Figure 19. BR Instruction Branch Destination on Pages Boundary 


Instruction 


B Register Accumulator 


A3s A2 Aj 


B2 


Output Register R1, R2 |R23 R22 R21 R20}/R13 R12 R11 Rilo If ROg= 


Pattern 





Figure 20. P Instruction 
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Instruction Set 


The HMCS412C/CL/AC provide 98 instruc- 
tions which are classified into 10 groups as 
follows: 


1. Immediate instruction 

2. Register-to-register instruction 
3. RAM address instruction 

4. RAM register instruction 

5. Arithmetic instruction 


6. Compare instruction 
7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 
10. Control instruction 


Tables 17-26 list their functions, and table 27 
is an opcode map. 





















































Table 17. Immediate Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI i 10001 1 ig ig i) in IMA 1/1 
Load B from Immediate LBI i 100 0 0 O ig i2 i; ion 1 > B 1/1 
Load Memory from LMID i,d O11 0 1 O ig i2 iy Ig i> M 2/2 
Immediate dg dg d7 dg ds dq d3 da d1 do 
Load Memory from LMI i 101 00 1 jg ig iy ip iM, Y+1~--¥ NZ 1/1 
immediate, Increment Y 
Table 18. Register-to-Register Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 00010031000 B:A 1/1 
Load B from A LBA 00110031000 A B 1/1 
Load A from Y LAY 0010101111 \Y:+A 1/1 
Load A from SPX LASPX 0001101000 SPX :A 1/1 
Load A from SPY LASPY 0001011000 SPY -A 1/1 
Exchange MR and A XMRA m 101 1 1 1 mmmm MRim)-A 1/1 
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Table 19. RAM Address Instructions 


Operation 


Load W from Immediate 
Load X from Immediate 
Load Y from Immediate 


Load X from A 


¢ 


Mnemonic 


LW1 i 


LX1 i 


LYIi 


LXA 





Load Y from A 
Increment Y 
Decrement Y 

Add A to Y 

Subtract A from Y 
Exchange X and SPX 
Exchange Y and SPY 


Exchange X and SPX,Y 
and SPY 


412 


LYA 
lY 

DY 
AYY 
SYY 
XSPX 
XSPY 


XSPXY 


0011110 0 j 


1 


OoO;o;}]oOo;oO;0;} 0} OO} OF] © _ 
oO; o!}o;o;}o;o;o}] oo; o 


OoO};o}; oO 


O 


© 


Operation Code 


00 


00 0 1 jz ip i 


—_ 
= 
© 
ie) 


OoO;o; oOo 
O;jo;o;o; oe 
oO!}1o}; oO 


O!|o;]°o _ 
O;,1o;o;};o!l]o;yo;oyo 
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10 ig ig i 


O;}O; © 
oO; oO; 0 


OoO;oO; © 


oO}; oO 


Function 


i+ W 


Y+1-Y \ NZ 


Y= ¥ NB 


Y+A ~Y OVF 
Y-A -Y NB 
X + SPX 
Y — SPY 


X-+SPX, Y-SPY 
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Status 


Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


1/1 
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Table 20. RAM Register Instructions 


Function 


M—A, (X—SPX, Y-SPY) 





M-A 


M-—B, (X—SPX, Y-SPY) 
A-M, (X-SPX, Y-SPY) 


A-M 


BoM. V+1—-V (%—SPX) 


A--M, Y-1-¥ (X++SPX) 


MA, (X-SPX, Y-SPY) 


Operation Mnemonic Operation Code 
Load A from Memory LAM (XY) 00100100 y x 
Load A from Memory LAMD d 01100310000 
dg dg d7 dg ds dq d3 d2 d; do 
Load B from Memory LBM(XY) 00010000 y x 
Load Memory from A LMA(XY) 00100101 y x 
Load Memory from A LMAD d 01100310100 
dg dg d7 dg ds dq d3 do d; do 
Load Memory from A, LMAIY(xX) 000101 000 x 
Increment Y 
Load Memory from A, LMADY(X) 0011031000 x 
Decrement Y 
Exchange Memory and A XMA(XY) 0010000 0y x 
Exchange Memory and A XMAD d 0110000000 


dg dg d7 dg ds dq d3 d2 d; do 
Exchange Memory and B XMB(XY) 00110000 ~y x 


Note: (XY)and (X) have the following meaning: 


M-A 


M-B, (X-SPX, Y-SPY) 


Status 


NB 


Words/ 


Cycles 
1/1 
2/2 


1/1 
1/1 


2/2 


1/1 


1/1 


1/1 
2/2 


1/1 


(1)The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 


LAM (XY) is given, below). 


Mnemonic y x Function 

LAM Oo O 

LAMX O 1 X + SPX 

LAMY 1 O Y — SPY 
LAMXY 1 1 X-+SPX, Y~SPY 


(2)The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 


LMAIY(X) is given below). 


Mnemonic x Function 
LMAIY O 
LMAIYX 1 X -— SPX 
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Table 21. Arithmetic Instructions 


Operation 

Add Immediate to A 
Increment B 

Decrement B 

Decimal Adjust for Addition 
Decimal! Adjust for Subtraction 
Negate A 

Complement B 

Rotate Right A with Carry 
Rotate Left A with Carry 
Set Carry 

Reset Carry 

Test Carry 

Add A to Memory 


Add A to Memory 


Add A to Memory with Carry 


Add A to Memory with Carry 


Subtract A from Memory 
with Carry 


Mnemonic 


Al i 

IB 

DB 
DAA 
DAS 
NEGA 
COMB 
ROTR 
ROTL 
SEC 
REC 
TC 
AM 


AMD d 


AMC 


AMCD d 


SMC 





Subtract A from Memory 
with Carry 


OR A and B 
AND Memory with A 


AND Memory with A 


OR Memory with A 


OR Memory with A 


EOR Memory with A 


EOR Memory with A 


Note: 
U: Logical OR 


NM: Logical AND 


SMCD d 


OR 
ANM 


ANMD d 


ORM 


ORMD d 


EORM 


EORMD d 


@ : Exclusive OR 


1010 


000 1 


001 1 
001 


Oo}; Oo 


00 1 
000 1 
010 1 
00 1 


oO; oO 


00 1 
001 1 
001 1 
000 1 
0000 
0100 


0000 


0100 


Operation Code 


0 O ig io iy 
00110 
0011 1 


o_o 
—_ 


100 
1 0 1 
1 0 


0 
000 
100 

0 


o;o;O0; 010 


0 
1011 1 


0 

1011 1 
00100 
00100 


dg dg d7 de ds dq d3 do dy 


01100 


01100 


dg dg d7 dg ds dq d3 do dy 


001 0 


0110 


01100 


01100 


dg dg d7 dg ds dq d3 do dy 


010 1 
0010 
0110 


0001 0 
01110 


01110 


dg dg d7 de ds dq d3 do dy 


0000 


0100 


00110 


001 1 0 


dg dg d7 dg ds dq d3 do dy 


0000 


0100 


011 1 0 


O11 10 


dg dg d7 dg ds da d3 do dy 
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Function 
Ati-~A 
B+1-—-8 


B-1-B8 


1—-CA 


0O-CA 


Mt+tA-A 


Mt+tA->-A 


M+A+CA —-A 


OVF-CA 


M+A+CA-A 
OVF-CA 


M—-A-CA—A 
NB—CA 


M—-A-CA—A 
NB—CA 


AUB-A 
ANM-A 


ANM-A 


AUM-A 


AUM-A 


A®M-A 


A®M-A 


Status 
OVF 
NZ 


NB 


CA 
OVF 


OVF 
OVF 
OVF 


NB 


NB 


NZ 


NZ 


NZ 


NZ 


NZ 


NZ 


Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


2/2 


1/1 


2/2 


1/1 


2/2 


1/1 
1/1 


2/2 


1/1 


2/2 


1/1 


2/2 
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Table 22. Compare Instructions 


Operation 


Immediate Not Equal 
to Memory 


immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory 


B Not Equal to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate 


Mnemonic 


INEM i 
INEMD i,d 


ANEM 


AMEMD d 


BNEM 


YNEI i 


ILEM i 


ILEMD i,d 


ALEM 


ALEMD d 


BLEM 


ALE! ! 


Operation Code 


000 0 1 O ig io iy 


0100 1 O ig ig iy 
dg dg d7 dg ds dq4 d3 do dq 


00000001 0 


010000010 
dg dg d7 de ds dg d3 do dy 


0001000 1 0 


000 1 1 1 i3 I2 iy 


0000 1 1 ig ig iy 
0100 1 1 ig i2 iy 
dg dg d7 de ds dg d3 do dy 
000001010 


010001010 
dg dg d7 de ds d4 d3 do dy 
001100010 


10101 1 ig ip i; 


Table 23. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 





Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 
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Mnemonic 
SEM n 


SEMD n,d 


REM n 


REMD n,d 


Tin 


TMD n,d 


Operation Code 


O 


fe) 


0010000 1m 1% 


0110000 1 ny 
dg dg d7 dg ds d4 d3 do dy 


00100010m 


01100010n 
dg dg d7 dg ds dq d3 do dy 


0010001 1m 


0110001 1 =n 
dg dg d7 de ds dq d3 do d} 


© HITACHI 


No 
do 


Function 


iz M 


iz M 


A+#+M 


A+M 


IA 


es) 
IA 
= 


Function 
1 -+ M(n) 


1 -- M(n) 


O —M(n) 


0 — M(n) 


Status 


NZ 


NZ 


NZ 


NZ 


NZ 
NZ 


NB 


NB 


NB 


NB 


NB 


NB 


Status 


M(n) 


M(n) 


Words/ 


Cycles 


1/1 


2/2 


1/1 
2/2 


1/1 
1/1 


1/1 


2/2 


1/1 


2/2 


1/1 


1/1 


Words/ 


Cycles 
1/1 


2/2 


1/1 


2/2 


1/1 


2/2 
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Table 24. ROM Address Instructions 


Operation 
Branch on Status 1 


Long Branch on Status 1 
Long Jump Unconditionally 


Subroutine Jump on Status 1 


Long Subroutine Jump on 
Status 1 


Table Branch 
Return from Subroutine 


Return from Interrupt 


Table 25. 


Operation 

Set Discrete 1/O Latch 

Set Discrete !/O Latch Direc 
Reset Discrete 1/O Latch 
Reset Discrete I/O Latch Direct 
Test Discrete !/O Latch 

Test Discrete I/O Latch Direct 
Load A from R Port Register 
Load B from R Port Register 
Load R Port Register from A 
Load R Port Register from B 


Pattern Generation 


Table 26. Control Instructions 
Operation Mnemonic 
No Operation NOP 

Standby Mode SBY 

Stop Mode STOP 

Note: 


A16 Hitachi America Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


Mnemonic 


BR b 


BRL u 


JMPL u 


CAL a 


~ CALL u 


TBR p 
RTN 


RTNI 


Mnemonic 


SED 
SEDD m 
RED 
REDD m 
TD 

TDD m 
LAR m 
LBR m 
LRA m 
LRB m 


Pp 


Operation Code 


1 1 b7 be bs ba b3 b2 b; bo 


0101 1 #1 p3p2Ppi1 Po 
dg dg d7 dg ds dq d3 do di do 


O10 1 0 1 p3p2 Pi Po 
dg dg d7 dg ds dq d3 d2 di do 


O 1 1 1 a5 a4 a3 a2 aj a0 


O 10 1 1 O p3p2 pi Po 
dg dg d7 de ds dg d3 do dj do 


O00 1 0 1 1 p3p2P1 Po 
0000010000 
000001000 1 


Input/Output Instructions 


Operation Code 


001110900 10 0 
101131 0mmm™ 
0001 1 
6) 


0 0 0 


Cc 
oO 
_ 
~~ 
—_ 


mg m2 my 


101 1 0 1 mgm my 


O 1 1 0 1 1 pg p2 P1 Po 


Operation Code 


0000000000 
0101001 100 


010100110 1 


© HITACHI 


é 


° 
O16.) ote 
3 
3 
3 
o;é 


e 

(oe) 

(@) 

a 

3 

3 
@éisg ise idle 


Function 


1 -I/E 
CA Restore 


Function 


1 — D(Y) 
1 - D(m) 
O - D(Y) 


O — D(m) 


R(m) ~ A 
R(m) —- B 
A — R(m) 


B — R(m) 


Function 


Status 


Status 


D(Y) 


D(m) 


Status 


HMCS412 has no serial interface, so STS (start serial) operates the same as NOP. 


. Words/ 


Cycles 
1/1 


2/2 


2/2 


1/2 


2/2 


1/4 
1/3 
1/3 


Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


1/2 


Words/ 
Cycles 


1/1 
1/1 


1/1 
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Table 27. Opcode Map 


1 

















a REMD n(2) | TMD n(2} 
AD 








REDD 
LAMR 
Al 











[__}--1-word/2-cycle ([___}--1-word/3-cycle [____]--RAM Direct Address [ _}---2-word/2-cycle 
Instruction Instruction Instruction Instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 


item Symbol Value | Unit Note 
Supply Voltage | Vcc - 0.3 to + 7.0 V 
Terminal Voltage Vr -— 0.3 to Vcc + 0.3 V 3 
Vec — 45 to Vcc + 0.3 V 4 
- Total Allowance of Input Current = lo 25. mA 5 
Maximum Input Current lo 15 mA 7,8 
Maximum Output Current — lo 4 (2) mA 9,10, 13 
6 (3) mA 9,11, 13 
30 (15) mA 9,12, 13 
Total Allowance of Output Current — = lo 85 (100) mA 6, 13 
Operating Temperature Topr —- 20to + 75 °C 
Storage Temperature Tstg ~ 55 to + 125 °C 
Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera- 
tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceeded, it may cause a malfunction or affect the reliability of LSI. 
2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input currents which flow in from all 
1/O pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output currents which flow out 
from Vcc to all 1/O pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each I/O pin to GND. 
8. Do—D3, R3 and R4. 
9. Maximum output current is the maximum amount of output current from Vcc to each I/O 
pin. 
10. Do—D3, R3 and R4. 
11. RO—R2. 
12. Da—Dis. 
13. — = lo = 100 mA if —lois equal to or less than 2 mA, 3 mA, or 15 mA. 
HITACHI 
418 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HMCS412C/HMCS412CL/HMCS412AC 


Electrical Characteristics 
DC Characteristics 


(GND = 0 V, Vaisp 


= Vec — 40 V to Vcc, Ta = —20°C to + 75°C, 
HMCS412C: Vec = 3.5 V 








to 6 V, 
HMCS412CL: Vcc = 2.5 V to 6 V, 
HMCS412AC: Vcc = 4.5 V to 6 V) 
item Symbol Pin Min Max Unit Test Condition Note 
Input High Vin RESET, 0.8 Vcc Ver + 0.3 V 
Voltage R32/INTo, 
R33/INT 
OSC: Veco —~ O65 Wee + 0.2 ¥ HMCS412TC/AC 
Vec —- 0.3 Vec + 0.3 Vv HMCS412CL 
Input Low Vit RESET, -0.3 0.2 Vec V 
Voltage R32/INTo, 
R33/INT 
OSC, —0.3 0.5 V HMCS412C/AC 
-0.3 0.3 V HMCS412CL 
Input/Output =| 1 41 RESET, | 1 uA Vin = OV to Vec 1 
Leakage R32/INTo, 
Current R33/INT1, 
OSC, 
Current lec Vec 1.8 mA HMCS412C; Vec = 5 V; ~~ 2,8 
Dissipation in fose = 4 MHz, + 8, or 
Active Mode fosc = 2 MHz, + 4 
0.8 mA HMCS412CL; Vec = 3V; 2,5 
fose = 4 MHz, + 16, or 
fosc = 2 MHz, + 8 
3.0 mA HMCS412AC; Vec = 5 V; 2,5 
fosc = 4 MHz, + 4 
Current ISBY Vec 1.0 mA HMCS412C; Vcc = 5 V; 3,5 
Dissipation in fosc = 4 MHz, + 8, or 
Standby Mode fosc = 2 MHz, + 4 
0.5 mA HMCS412CL; Vec = 3V; 3,5 
fosc = 4 MHz, + 16, or 
fose = 2 MHz, + 8 
1.4 mA HMCS412AC; Vec = 5 V; 3,5 
fose = 4 MHz, + 4 
Current latap Vcc 10 uA Vin(TEST) =Vec -0.3Vto 4 
Dissipation in Vec; Vec, Vin(RESET) = 
Stop Mode OVto3 V 
Stop Mode Vstop Vec 2 V 


Retain Voltage 


Notes: 1. Excluding pull-up MOS current and output buffer current. 


€ HITACHI 
Hitachi America Ltd. Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 419 





HMCS412C/HMCS412CL/HMCS412AC 


Notes: 2. The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state, operation mode 
- RESET, TEST: Vec 
- Do-D3, R3, R4: Vcc 
* Da-D14, RO-R2, RA1: Vaisp 
3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
- MCU in standby mode 
- Input/output in reset state 
- RESET: GND 
* TEST: Vec 
* Do-D3, R3, R4: Vec 
: D4-Di14, RO-R2, RA: Vaisp 
4. Excluding pull-down MOS current. 
5. When fose = x MHz, estimate the current dissipation as follows: 
HMCS412C/AC; Max value @ x MHz = x/4 x (max value @ 4 MHz) 
HMCS412CL; Max value @ x MHz = x/2 Xx (max value @ 2 MHz) 


Input/Output Characteristics for Standard Pins 


(GND = 0 V, Vaisp =Vcc — 40 V to Vcc, Ta = —20°C to +75°C, 
HMCS412C: Vcc = 3.5 V to 6 V, 
HMCS412CL: Vcc = 2.5 V to 6 V, 

= 4.5 V to 


HMCS412AC: Vcc 6 V) 
item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin Do-D3, 0.7 Vcc Ver + 0.3 «OV 
Voltage R30, R31, 

R4 
Input Low Vit Do-D3, =0.3 0.3Vcc V 
Voltage R30, R31, 

R4 
Output High VoH Do-D3, Vec - 1.0 V HMCS412C/AC; 1 
Voltage R30, R31, —- loo = 1.0 mA 

R4 

Do-D3, Vec -— 0.5 V HMCS412C/AC; 1 

R39, R31, -— lou = 0.5 mA 

R4 HMCS412CL; — lou = 0.3 mA 
Output Low VoL Do-D3, 0.4 V HMCS412C/AC; Io, = 1.6 mA 
Voltage R30, R31, HMCS412CL; lon = 0.4 mA 

R4 
Input/Output | Nn} Do-D3, 1 uA Vin = OV to Vec 2 
Leakage Current R309, R31, 

R4 
Pull-Up MOS —Ip Do-D3, 30 60 150 uA Ver = 5 V, Vin = OV 3 
Current R39, R31, 

R4 

Do-D3, 3 15 50 nA HMCS412CL only; 3 

R30, R31, Vec = 3 V, Vin = OV 

R4 


Notes: 1. 1/0 pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. I/O pins with pull-up MOS selected by mask option. 
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Input/Output Characteristics for High-Voltage Pins 


(GND = 0 V, Vaisp =Vcc — 40 V to Vcc, Ta = —20°C to +75°C, 
HMCS412C: Vcc = 3.5 V to 6 V, 

HMCS412CL: Vcc = 2.5 V to 6 V, 
HMCS412AC: Vcc = 4.5 V to 6 V) 


item Symbol 
Input High ViH 
Voltage 

Input Low ViL 
Voltage 

Output High VOH 
Voltage 
“Output Low Cg, —S 
Voltage 

Input/Output | In 
Leakage 

Current 


Pull-Down MOS lg 
Current 


Notes: 











Pin Min Typ Max Unit 

D4-Di4, 0.7 Vcc Vec + 0.3 V 

R1, R2, 

RA, 

D4-Di4, Vec — 40 0.3 Vcc V 

R1, R2, 

RA 

Da-Di14 Vec — 3.0 V 
Vec — 2.0 V 
Vec - 1.0 V 

RO-R2 Vec - 3.0 V 
Vec — 2.0 V 
Vec -— 1.0 V 

D4-Di4, Veco — 37 yo 

RO-R2 

D4-Di4, Vec — 37 vy 

RO-R2 

D4-D14, 20 uA 

RO-R2, 

RA, 

D4-Di4, 125 250 600 uA 

RO-R2, 

RA, 


. 1/0 pins with pull-down MOS selected by mask option. 


Test Conditions 


— IonH=15 mA, 
HMCS412C/CL; 
Vec = 5V + 20% 
HMCS412AC; 

Ver = 4.5 Vto6BV 


~ Io4=10 mA, 
HMCS412C/CL; 
Vec = 5V + 20% 
HMCS412AC; 

Vec = 4.5 Vto6V 


HMCS412C/AC; 
—lon= 4mA 
HMCS412CL; 
-— lon = 2.5 mA 


-— lon = 3 mA, 
HMCS412C/CL; 
Vec = 5V + 20% 
HMCS412AC; 

Vec = 4.5 Vto6V 


— lon = 2 mA, 
HMCS412C/CL; 
Vec = 5V + 20% 
HMCS41 2AC; 

Vec = 4.5Vto6V 


Note 





HMCS412C/AC; 
— lon = 0.8 mA 
HMCS412CL; 

— loo = 0.5 mA 


Vdisp = Vec — 40 V 
150kQ to Vcc — 40V 
Vin = Vec — 40 V to Vec 


Vdisp = Vec — 35 V, 
Vin = Vcc 


. 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 
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3. Pull-down MOS current and output buffer current are excluded. 
4. 1/0 pins with pull-down MOS selected by mask option. 
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AC Characteristics 


(GND = 0 V, Vaisp =Vec — 40 V to Vcc, Ta = —20°C to +75°C, 
HMCS412C: Vcc = 3.5 V to 6 V, 


HMCS412CL: Vcc = 2.5 V to 6 V, 
HMCS412AC: Vcc = 4.5 V to 6 V) 
Test 
item Symbol Pin Min Typ Max Unit Conditions Note 
Oscillation Frequency fog, OSC;, OSC2 0.4 4 4.5 MHz HMCS412C; 
divide by 8 
0.2 2 2.25 MHz HMCS412C; 
| divide by 4 
0.8 4 4.5 MHz HMCS412CL; 
divide by 16 
0.4 2 — 2.25 MHz HMCS412CL; 
divide by 8 
0.2 4 4.5 MHz HMCS412AC; 
divide by 4 
Instruction Cycle teye 1.78 2 20 us HMCS412C 
Time 
3.55 4 20 “us HMCS412CL 
0.89 1 20 “us HMCS412AC 
Oscillator Stabiliza- tac OSC, OSC2 20 ms HMCS412C/AC 1 
tion Time 
60 ms HMCS412CL 1 
External Clock tCPH, OSC, 92 ns HMCS412C; 2 
High, Low tcPL divide by 8 
Level Width HMCS412CL; 
divide by 16 
HMCS412AC; 
divide by 4 © 
203 ns HMCS412C; 2 
divide by 4 
HMCS412CL; 
divide by 8 


(continued) 
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AC Characteristics (Cont) 


Item 


External Clock Rise 
Time 
External Clock Fall 


Time 


INTo High Level 
Width 


HMCS412C/HMCS412CL/HMCS412AC 

















INTg Low Level 
Width 


INT) High Lavel 
Width 


INT; Low Level 
Width 








RESET High Level 
Width 

















Input Capacitance 





RESET Fall Time 














Test 
Symbol Pin Min Typ Max Unit Conditions Note 
tcPr OSC, 20 ns 2 
tcp¢ OSC, 20 ns 2 
tioH INTo 2 igye 3 
tioL INTo 2 toys 3 
ti INT} g ee 3 
tie INT; 2 tye 3 
tRSTH RESET 2 tove 4 
Gia All pins 15 pF f =1 MHz, 

Vin = OV 
trstt 20 ms HMCS412C/AC A 

15 ms HMCS412CL A 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage (HMCS412C; 3.5 V, HMCS412CL; 2.5 V, HMCS412AC; 
4.5 V) after power-on, or after RESET goes high. At power-on or stop mode release, 
RESET must be kept high for at least tac. Since tac depends on the crystal or ceramic filter's 
circuit constant and stray capacitance, please get the manufacturer's advice when design- 
ing the RESET circuit. (See figure 21.) 


2. See figure 22. 
3. See figure 23. 
4. See figure 24. 
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HMCS412C/AC 


Ceramic 
filter R¢ 


Crystal: 4.194304MHz Ceramic filter: CSA4.00 MG (Murata) 
NC-18C (Nihon Denpa Kogyo) Re =1 [MQ] + 20%, 


R¢=1 [MQ] + 20% : 
- 20° =C, = 30 [pF] + 20% 
C, =C, = 22 [pF] + 20% Cc, =C, [pF] 


HMCS412CL 


Crystal: 2.097152MHz Ceramic filter: CSA 2.000MK (Murata) 
DS-MGQ 308 (Seiko) Re = 1 [MQ] + 20%, 

Re = 1MQ + 20%, Rd = 2.2kQ2 + 20% C, =C, = 30 [pF] + 20% 

C, =C, = 10pF + 20% es | 





Figure 21. Oscillation Circuit 


HMCS412C/AC 


HMCS$412CL 





Figure 22. Oscillator Timing 
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Figure 23. Interrupt Timing 





Figure 24. Reset Timing 
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er 
Feaone 
ee 
fOM Cowsnane | 


LS! Type Number 
(Hitachi’s entry) 
Please enter O in applicable item to select !/O option. 


A: Without Pull-up MOS (NMOS Open Drain) B: With Pull-up MOS 
C: CMOS (cannot be used as input) 
D: Without Pull-down MOS (PMOS Open Drain) E: With Pull-down MOS 


ve exion | 
Input/Output 
Alsic}ole 


Input/Output | | 
Input/Output an) 7 
Input/Output | | Ye 
rowowwa |) VM 
Input/Output Uy, | 
Input/Output 7 an 

YT 
mown 7) 
Input/Output Uy, |_| 
Input/Output Uy, | 
c/n 
Coan 
Input/Output YY, = 
prowrovos TNT | | ns 
nowtouos 7H, |_| |R% | 


HMCS412C/CL/AC 
Mask Option List 






* Please enter check marks in [_] 
(@, x, Vv). 


5V Operation: CL} HMCS412C 
3V Operation: CL] HMCS412CL 
High Speed Operation: L.] HMCS412AC 


(1) t/O Option 





Note: I/O options masked by @ are not available. 


Teo 
Input/Output 


Ae ele 
con 
—aee// en 
c/a 
ous WY | 
i [ronoven YY | 
Input/Output Ll |_| 
resioww IT | 
Erewovon 7/7, 
wow 77) 
Input/Output YY a 

oe 


]/ 
tH 
aan// 
TH 
ann// 
TH 
co 
geste 






























Standard Pins 


=) 
Zo) 
Cc 
re 
™ 
eo) 
Cc 
o> 
ue) 
Cc 
~ 











































High Voltage Pins 





> =) = 
sisis 
Cc Cc Cc 
oO oO O 
Cc Cc c 
a ~+ et 
sistics 
Cc Cc Cc 
fon a Cn la 
Ss 
\N 
SS 









ss . 5 ) S 
TT ne) ne) 
¢ c Cc 
ot ona a 
™ ™ ™S. 
OoO!|oO; 90 
Cc c Cc 
> o> a= 
ne) ne} ne} 
Cc Cc Cc 

fond ~- 






ot 


a | os 
ne) ne] 
c Cc 
load lana 
™. es 
Oo; 0 
Cc c 
a> oo 
TD To 
Cc c 

- 


x. 
To 
Cc 
ot 
™. 
eo) 
c 
o> 
xe) 
Cc 
-- 






a: 
xe) 

Cc 

o> 
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(2) RA1/Vaisp 


Please check (Mf, X, \/) applicable item. 


RA1/Vaisp 


L] RA: Without Pull-down MOS (D) 





Note: RA1i/Vdisp has to be selected as Vdisp pin 
exept the case that all high pins are 
option D. 

(3) Divider (Div) 


Please check (HI, X, \/) applicable item. 


HMCS412C | HMCS412CL | HMCS412AC 


eee ///, 


4 AY 


(4) ROM Code Media 





SS 





Please check (MI, X, \/) applicable item. 


ROM Code Media 
[}] EPROM: Emulator Type 


[.] EPROM: EPROM On-Package Microcom- 
puter Type 





(5) Oscillator (CPG option) 


Please check (MI, X, \/) applicable item. 


option (5V Operation) (3V Operation) (High Speed Operation) 
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HNMICS414AC 


(HD614140/HD614145/HD614148) 


Description 


The HMCS414C/CL/AC are CMOS 4-bit single- 
chip microcomputers in the HMCS400 series. 
Each device incorporates ROM, RAM, I/O, 
and timer/counter and contain high-voltage 
I/O pins including high-current output pins to 
drive a fluorescent display directly. 


Features 


428 


4-bit architecture 

4096 words of 10-bit ROM 

160 digits of 4-bit RAM 

36 I/O pins, including 24 high-voltage I/O 

pins (40 V max) 

Timer/counter 

11-bit prescaler 

—8-bit auto-reload timer/event counter 
(timer B) 

Three interrupt sources 

—External: 2 

—Timer/counter: 1. 

Subroutine stack 

—Up to 16 levels including interrupts 

Minimum instruction execution time 

—0.89 us: HMCS414AC 

—1.78 ws: HMCS414C 

—3.55 us: HMCS414CL 

Low power dissipation modes 

—Standby: Stops instruction execution 
while allowing clock oscillation and 

interrupt functions to operate 

—Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 

On-chip oscillator 

—Crystal or ceramic filter 

—External clock input 

Package | . 

—Standard 42-pin dual in-line plastic 
package | 

—42-pin shrink dual in-line plastic pack- 
age 

—44-pin flat plastic package 


Instruction set compatible with 
HMCS412; 98 instructions 

High programming efficiency with 10-bit/ 
word ROM: 78 single-word instructions 
Direct branch to all RAM areas 

Direct or indirect addressing of all RAM 
areas 

Subroutine nesting up to 16 levels includ- 
ing interrupts 

Binary and BCD arithmetic operations 
Powerful logical arithmetic operations 
Pattern generation-table lookup capabil- 
ity 

Bit manipulation for both RAM and I/O 


Program Development Support Tools 


Cross assembler and simulator software for 
use with IBM PCs and compatibles 


In circuit emulator for use with IBM PC 
HD614P180 with the following fixed 
options: 
—I/O pin: open drain 
—Oscillator: crystal or ceramic filter oscil- 
lator 
(externally drivable) 
—Divider: Divide by 8 | 
—Package: standard 42-pin dual in-line 
ceramic package 


Ordering Information 


item HMCS414C HMCS414CL HMCS414AC 
Product HD614140 HD614145 HD614148 
Name 

Power Supply 3.5 to 6 2.5 to 6 4.5to6 

(V) 

Typical 2 4 1 

instruction 


Cycle Time (xs) 
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Pin Arrangement 


fe) 


1 

2 
3 
4 
5 
6 
7 
8 
9 


NC: No Conection 


(DP-42, DP-42S) (FP-44A) 
(Top View) (Top View) 





Block Diagram 
R33/ R32/ 
INT: INTo RESET TEST OSC; OSC2 Vcc GND 


| 
I 


t 
| RAi/Vasp 
- oe ol Timer External System Control 
Interrupt 
Interrupt Control 


4,096 x 10-bit 
‘| Instruction 
160 <4-bit Decoder 


(> 
ti 


i 
J 
R43R42R41R40 R33/R32/R31R30 IR2oR22R2iR20]/RTSATRTR |ROSRO2RO:ROoy D14D13D12D11D10 Ds Ds D7 De Ds OehD» D2 D: Do 
INT INTo { 
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Pin Description 


GND, Vcc, Vaisp (Power) 


GND, Vcc, and Vaisp are the power supply pins 

for the MCU. Connect GND to the ground (0 

V) and apply the Vcc power supply voltage to 

the Vcc pin. The Vuaisp pin (multiplexed with 

RA)) is a power supply for high-voltage I/O 

pins with maximum voltage of 40 V (Vcc—40 
V). For details, see Input/Output section. 


TEST (Test) 


TEST is for test purposes only. Connect it to 
Vec. 


RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC:, OSCz2 (Oscillator Connections) 


OSC; and OSCz2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. . 


Functional Description 
ROM Memory Map 


The MCU includes 4,096 words x 10 bits of 
ROM. ROM is described in the following par- 
agraphs and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F can be used 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


zZero-Page Subroutine Area (S0000 to 
$003F): Locations $0000 through $003F can 
be used for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $0FFF can be used for ROM 
data. P instructions allow referring: to the 
ROM data as a pattern. 


Program Area ($0000 to SOFFF): Loca- 
tions from $0000 to $OFFF can be used for 


Do—Diua (D Port) 


The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to D3 are standard and Dg to Di4 are 
high-voltage pins. The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output section. 


ROo—RO3, Rlo—Ri13, R2.—R23, R30—R33, 
R4.—R43, RA: (R Ports) 


RO to R4 are 4-bit ports. RA is a 1-bit port. RO 
is an output port, RA is an input port, and R1 
to R4 are I/O ports. RO, R1, R2, and RA are 
high-voltage ports, and R3 and R4 are stan- 
dard ports. Each pin has a mask option which 
selects its circuit type. The pins R32, and R33 
are multiplexed with INTo and INT; respec- 
tively. For details, see Input/Output section. 


INTo, INT: (Interrupts) 


INTo and INT; are external interrupts for the 
MCU. INT; can be used as an external event 
input pin for timer B. INTo) and INT: are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 


program code. 
RAM Memory Map 


The MCU includes 160 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 


Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter- 
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
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cannot be accessed by RAM bit manipulation 


instructions. 


Vector Address 


Zero-Page Subroutine 
(64 Words) 


Program 
Pattern 
(4,096 Words) 


RAM-Mapped Registers 


Memory Registers (MR) 


(96 Digits) 


Not Used 


Stack 
(64 Digits) 


R: Read Only 
W: Write Only 
R/W: Read/Write 





Timer/Event Counter 8 Lower: 


Timer/Event Counter B Upper: 





0 JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 


JMPL Instruction 
(Jump to INT: Routine) 


ROM Memory Map 


= Oo 


Interrupt Control Bits 


Port Mode Register (PMR) 


Not Used 
Not Used 


Timer Mode Register B (TMB): 


‘ (TCBL/TLRL)' R/W |SOOA 
Timer B 
(TCBU/TLRU): R/W |$00B 


* Two registers are mapped on same address. 


one 
=- © © Own DM FW ND 


— 


$3FF 


Timer Load Reg. Lower ; 


? (TLRL) on 


(TCBL) 


Timer Load Reg. Upper W 
(TLRU) 


(TCBU) ‘ 


Figure 2. RAM Memory Map 
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Data Area ($020 to $07F): 16 digits of $020 broutine call (CAL-instruction, CALL- 


through $02F are called memory registers instruction) and interrupts are serviced. This 
(MR) and are accessible by LAMR and XMRA area can be used as a 16 nesting level stack in 
instructions (figure 4). which one level requires 4 digits. Figure 4 


| shows the save condition. The program 
Stack Area (S$3C0 to S3FF): Locations $3CO counter is restored by RTN and RTNI instruc- 


through $3FF are reserved for LIFO stacks to tions. Status and carry are restored only by 
save the contents of the program counter RTNI instruction. This area, when not used for 
(PC), status (ST) and carry (CA) when su- a stack, is available as a data area. 




















IFO 
(IF of INTo ) 


I/E 
(Interrupt Enable Flag) 


IMO 
(IM of INTo ) 


RSP 
(Reset SP Bit) 































IM1 IF 1 
t Not Used INT 
Not Used ot Us (IM of INT; ) (IF of INT; ) 
sea teat IMTB IFTB 
t « 
Not Used one (IM of Timer B) (IF of Timer B) 







Not Used 


Interrupt Request Flag 
IM: Interrupt Mask 
1/E: Interrupt Enable Flag 
SP: Stack Pointer 
Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 
The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction. 









Figure 3. Configuration of Interrupt Control Bit Area 









Memory Registers 


Stack Area 








960] Level 16 {$3CO 


Level 15 
Level 14 


Level 13 
Level 12 
Level 11 


Level 2 
Level 1 


Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 








PCi3 to PCo: Program Counter 


ST: Status 
CA: Carry 




















Note: As the HMCS414C/CL/AC have 4k 
ROM, PCi2 and PCi3 are not used. 

















































1023 
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Registers and Flags 


The MCU has nine registers and two flags for 
the CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis- 
ters. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis- 
ter is write-only register. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 


Status (ST): The status (ST) holds the ALU. 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack and res- 
tored back from the stack by a RTNI instruc- 
tion, but not by a RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trois the sequence im which the instructions 
stored in ROM are executed. 


Stack Pointer (SP): The stack pointer (SP) is 
used to point the address of the next stacking 
area (up to 16 levels). 


The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in- 
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 





ie) 


Go 


Ww 


, 


ie) 


le) 





Accumulator 


io) 


B Register 


_— 
OO 


W W Register 


fe 


X Register 


Y Register 


SPX SPX Register 


SPY SPY Register 


Carry Flag 
Status Flag 


Program Counter 


Stack Pointer 





Figure 5. Registers and Flags 
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The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 


Interrupt 


Three interrupt sources are available on the 
MCU: external requests (INTo, INT:), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM) and interrupt vector addresses are pro- 
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control an interrupt operations. 


Table 1. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET - $0000 
INTo 1 $0002 
INT; 2 $0004 
Timer B 3 $0008 


= 
| 
w 





Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
Manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 


Table 2. Interrupt Service Conditions 


Interrupt Control Bit INT) INT; Timer B 
i/E 1 1 1 
IFO-IMO 1 0) 0 
[F1-IM1 * 1 0 
IFTB-IMTB * * 1 


* Don't care 


‘Jump to Vector 
Address 


Vector Address 


Priority Control PLA 


Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is O. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
SOUICEeS. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INTi): The 
external interrupt request inputs (INTo, INT:) 


Table 3. Interrupt Enable Flag 








can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT: pin and R32/INTo pin to be 
used as INT; pin and INTp pin respectively. 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT; 
inputs (table 4). 


The INT; input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT; input. When 
using INT; as timer B external event input, 
the external interrupt mask (IM1) has to be 
set so that the INT: interrupt request will not 
be accepted (table 5). 


External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT, inputs 
respectively. 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: $004): The 4-bit 
write-only port mode register controls the 
R32/INTo pin, and R33/INT; pin as shown in 
table 6. The port mode register will be initial- 
ized to $0 by MCU reset. These pins are 
therefore initially used as ports. 


Table 6. Port Mode Register 








Interrupt Enable Flag Interrupt Enable/Disable PMR3 R33/INT; Pin 
0 Disable O Used as R33 port input/output pin 
1 Enable 1 Used as INT; input pin 
Table 4. External Interrupt Request 
Flag PMR2 R32/INTo Pin 
External Interrupt Request Flags Interrupt Requests 0 Used as R32 port input/output pin 
N See ee ee, 
oes ee a . 1 Used as INTo input pin 
1 Yes 
Table 5. External Interrupt Mask 
External Interrupt Masks Interrupt Requests 
0 Enable 
1 Disable (masks) 
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Instruction 
Cycles 


Instruction 
execution 


Interrupt Stacking, Stacking, 


accepted Reset of |/E Vector address 
is generated 


JMPL instruction execution on the 
vector address 


Instruction 
execution at 
starting address 
of the interrupt 
routine 


Figure 7. Interrupt Servicing Sequence 
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Interrupt 
Yea 
Request ——- 
? 





No 
No 
Yes 
(A) (B) (C) 
E t 
Instruction Accept 


I/E<-O 
Stack <— (PC) 


PC — (PC) +1 


Stack <— (CA) 
Stack < (ST) 












INTo 
Interrupt 
? 






PC -— $0002 Yes 
PC <— $0004 
PC < $0008 (Timer B Interrupt) 


Figure 8. Interrupt Servicing Flowchart 





No 


No 
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Timer 


The MCU contains a prescaler and a timer/ 
counter (timer B, figure 9) whose functions 
are the same as HMCS404C'’s. The prescaler is 
an 11-bit binary counter, and timer B is an 8- 
bit auto-reload timer/event counter. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
the RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer B. The prescaler divide ratio is 
selected by the timer mode register B (TMB). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT; as INT; and 
set the external interrupt mask (IM1) to pre- 
vent an external interrupt request from oc- 
curring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. Then case, if the auto- 
reload function is selected, timer B is initial- 
ized to the value of the timer load register. If 
it is not selected, timer B goes to $00. The 


timer B interrupt request flag (IFTB: $002 bit 
0) will be set at this overflow output. 


Timer Mode Register B (TMB: $009): The 
4-bit write-only timer mode register B (TMB) 
selects the auto-reload function, the prescaler 


divide ratio, and the source of the clock input 


signal, as shown in table 7. The timer mode 
register B is initialized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Timer B should be 
initialized by writing data into the timer load 
register after the contents of TMB are chan- 
ged. Configuration and function of timer 
mode register B is shown in figure 10. 


Timer B (TCBL: SO0A, TCBU: SOOB, TLRL: 
S00A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each has a 
low-order digit (TCBL: $00A, TLRL: $00A) and 
a high-order digit (TCBU: $00B, TLRU: $00B) 
(figure 2). 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 









Timer Mode Register B 


TMB (4 bit) 
iP) Timer B MPX 


N 
‘F 


+128 
=5i2 
+2048 


N| 
fe] fe 


Prescaler (11 bit) 


Internal Bus Line (S1) 


TCB (8 bit) TBOF 
Timer/Event Counter B wie 


TLR (8 bit) 
Timer Load Register 
Internal Bus Line (S2) 









TL (4 bit) 4 
Timer Latch 















Interrupt 
Request Flag 
of Timer B 







de 






Figure 9. Timer Block Diagram 
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the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 


Timer B Interrupt Request Flag (IFTB: 


$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 


Table 7. Timer Mode Register B 


TMB3 Auto-reload Function 
O No 
1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 


0 oO 0 + 2048 
0 o 1 > §12 
0 1 O + 128 
oO 1 1 + 32 
1 Oo 0 + g 
i; O - i + 4 
1 1 0 + 2 


INT, (External Event Input) 












PMR: $004 









TMB: $009 






=e XX 


TMB3 | TMB2 | TMB1 | TMBO 
Sl 


Dooce ote Timer B input clock selection 


(table 8). 


Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B Interrupt mask prevents an 
interrupt request from being generated by 
the timer B interrupt request flag (table 9). 


Table 8. Timer B Interrupt Request Flag 


Timer B Interrupt 


Request Flag Interrupt Request 
Q No 
1 Yes 


Table 9. Timer B Interrupt Mask 
Timer B Interrupt Mask Interrupt Request 
0 Enable 

1 Disable (Mask) 





R32/INTo pin mode selection — 


R33/INT: pin mode selection 


Auto-reload function selection 


Figure 10. Mode Register Configuration and Function 
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Input/Output 


The MCU has 36 I/O pins, 12 standard and 24 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
pull-up MOS (NMOS open drain). One of two 
circuit types can be selected for each high- 
voltage pin: with pull-down MOS and with- 
out pull-down MOS (PMOS open drain). Since 
the pull-down MOS is connected to the 
internal Vaisp line, Vaisp. must be selected for 
the RA:/Vaisp pin via mask option when at 
least one high-voltage pin is selected as with 
pull-down MOS. See table 10 for I/O pin cir- 
cuit types. 


When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected as specified in table 11. 


Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
Figure 11 is used to shorten rise time of out- 
put. 


When the MCU executes an output instruc- 
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 , a high output 
level is maintained by the pull-up MOS (C). 


When the HLT signal becomes O in stop 
mode, MOS (A) (B) (C) turn off. 


D Port: The D port I/O port has 15 discrete 
I/O pins, each of which can be addressed 
independently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc- 
tions. See table 10 as for the classification of 


standard pin, high-voltage pin, and the I/O 
pin circuit types. 


R Ports: The six R ports in the HMCS414 are 
composed of 16 I/O pins, 4 output-only pins, 
and 1 input-only pin. Data is input through 
LAR and LBR instructions and output 
through LRA and LRB instructions. The MCU 
will not be affected by writing into the input- 
only and/or non-existing ports, while invalid 
data will be read from the output-only and/or 
non-existing ports. 


The R32 and R33 pins are multiplexed with 
the INTo and INT; pins respectively. See table 
10 as for the classification of standard pins, 
high-voltage pins and selectable circuit types 
of these I/O pins. 


Unused I/O Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 


High-voltage pins: select without pull-up 
MOS (PMOS open drain) via mask option and 
connect to Vcc on the printed circuit board. 


Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 


Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy trac for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 


Table 12 shows the parts initialized by MCU 
reset, and the status of each. Table 13 shows 
how registers recover from stop mode. 
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Table 10. I/O Pin Circuit Types 


Without pull-up MOS With pull-up MOS Applicable 
(NMOS open drain) (A) (B) pins 


HLT Input 


Voc data Do 7 Be 


HEY | R34 RSs 
Output} R49 —R43 
data 





Standard Pins 





Without pull-down MOS . Applicable 
. With pull-down MOS (E) . 
(PMOS open drain) (D) pins 











Output 
Pins 





High Voltage Pins 











Table 10. I/O Pin Circuit Types (Cont) 


Without pull-up MOS (NMOS open drain) With pull-up MOS (B) 
or CMOS (A or C) pa 


= - 


Note: In the stop mode, HLT signal is 0, HLT signal is 1 and I/O pins are in high impedance state. 






Standard Pins 
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Table 11. Data Input from Input/Output Common Pins 


I/O Pin Circuit Type | Input Possible. Input Pin State 
Standard Pins CMOS No = 

Without pull-up MOS 

; Yes 1 

(NMOS open drain) 

With pull-up MOS Yes 1 
High Voltage Pins Without pull-down MOS Pee 0 

(PMOS open drain) 

With pull-down MOS Yes 0 











| \ Write pulse 
(Output 


instruction) 





PMOS (B) 











Pull-up MOS (C) 


HLT 


NMOS (A) 






rmesaic, nmesaianc | wmeseract 


approx. 30kQ to 160 kO 
(Vec = 5 V) 




















approx. 60kQ to 1 MQ (Vee = 3 V) - 
approx. 30 kQ to 160 kf (Voc = 5 V) 


1 Instruction cycle 


Output instruction execution 
Write pulse ne oe 


Figure 11. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Program Counter (PC} 


Initial Value After MCU Reset 
Initial Value by 








Status (ST) 





Stack Pointer (SP) 





I/O Pin 
Output Register 









































Interrupt Flag 


Mode Register 

















Timer/Counter 












































MCU Reset Contents 
$0000 Execute program from the top of ROM 
address 
1 Enable to branch with conditional branch 
instructions 
$3FF Stack level is O 
Standard Pin (A) Without Pull- 1 Enable input 
Up MOS 
(B) With Pull-Up 1 Enable input 
MOS 
(C) CMOS 1 — 
High Voltage (D) Without Pull- O Enable input 
Pin Down MOS 
(E) With Pull- 0 Enable input 
Down MOS 
Interrupt Enable Flag (I/E) 0 Inhibit all interrupts 
Interrupt Request Flag (IF) O No interrupt request 
Interrupt Mask (IM) 1 Mask interrupt request 
Port Mode Register (PMR) 0000 See port mode register 
Timer Mode Register B (TMB) OOOO See timer mode register B 
Prescaler $000 — 
Timer/Event Counter B (TCB) $00 = 
Timer Load Register (TLR) $00 = 


Table 13. Initial Value after Stop Reset 
After Recovering from Stop After MCU Reset (Non-Stop 
item Mode by MCU Reset Mode) 
Carry (CA) The contents of the items before MCU reset are not retained. 
; A eatlater (A) It is necessary to initialize them by software. 
8B Register (B) 
W Register ow) 
X/SPX Registers (X/SPX) 
| Y/SPY Registers (Y/SPY) 








RAM 





The contents of RAM _ before 
MCU reset (just before STOP 
instruction) are retained. 
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The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 
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Internal Oscillator Circuit 


Figure 12 outlines the internal oscillator cir- 
cuit. Through mask option, either crystal os- 
cillator or ceramic filter oscillator can be 
selected as the oscillator type. Refer to table 


Oscillator 


(Selectable circuit 


with mask 
options) 


Figure 12. 


Divider 


(Mask Option 
Selectable) 





15 for selection of the type. In addition, see 
figure 13 for the layout of the crystal or 
ceramic filter. In all cases, external clock 
operation is available. Three divide ratios, 1/ 
16, 1/8, and 1/4, are selectable via mask option 
(table 14). 


Timing 
generator 
circuit 


System 
clock 


Internal Oscillator Circuit 





Table 14. Internal Oscillation Circuit 
Mask Option 

HMCS HMCS HMCS 

414C 414CL 414AC 
Divider 1/16 — © —_ 
1/8 O O = 
1/4 O —_ @ 
Oscillator Crystal © O ') 
Ceramic © O O 

Figure 13. Layout of Crystal and 
Ceramic Filter 
© HITACHI 
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Table 15. Examples of Oscillator Circuits 


HMCS414C HMCS414CL HMCS414AC 












Circuit Configuration 











External 
Clock 
Operation 


Oscillator 










OSC; 













Ceramic filter 






Ceramic Ceramic filter Ceramic filter 












Filter CSA 4.00MG CSA 4.00MG CSA4.00MG 
Oscillator | ceramic CSA 2.000MK CSA 2.000MK (Murata) 
oie (Murata) (Murata) Re: 1 MQ + 20% 
Re: 1 MQ + 20% Re: 1 MQ + 20% C,: 30 pF + 20% 
GND C,: 30 pF + 20% C,: 30 pF + 20% C,: 30 pF + 20% 
+ 20% Cy: 30 pF + 20% 


: 30 pF 


















Crystal 
Oscillator 


> 1 MQ + 20% Re: 1 MQ + 20% Re: 1 MQ + 20% 

C,: 10-22 pF + 20% | Ci: 10-22 pF + 20% | C,: 10-22 pF + 20% 
Cy: 10-22 pF + 20% | Cy: 10-22 pF + 20% | Co: 10-22 pF + 20% 
Crystal: equivalent to | Crystal: equivalent to | Crystal: equivalent to 


Crystal 

















ee ats circuit shown circuit shown circuit shown 
cut paralle 
resonance crystal Co: 7 pF max. Co: 7 pF Max. Co: 7 pF max. 








R,: 100 2 max. R,: 100 2 max. 
he Rs: 100 Q max. s 
OSC: L emf sosc f: 1.0—4.5 MHz  . 1.0-4.5 aire f: 1.0—4.5 MHz 


Co 












C,: 10-22 pF + 20% 
C5: 10-22 pF + 20% 
Crystal: equivalent to 
circuit shown 

Co: 7 pF max. 

R,: 100 O max. 

f: 1.0-2.25 MHz 


























GT cut parallel 
resonance crystal 


osc} L er feos 


Co 














Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended 
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal, 
ceramic filter resonator, and the floating capacitance in designing the board. In employing 
the resonator, please consult with the engineers of the crystal or ceramic filter maker to 
determine the circuit parameter. ; 

2. Wiring between OSC;, OSC2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 13). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
16). Figure 14 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 


tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 


Table 16. Low Power Dissipation Mode Function 


Low Power 


Dissipation Oscillator instruction Register, 
Mode Instruction Circuit Execution Flag 
Standby mode SBY Active Stop Retained | 
instruction 
Stop mode STOP Stop Stop RESET 
instruction (Note 1) 
Notes: 1. 


the flags and registers. 


Input/ 
Interrupt Output Timer/ Recovery 
Function RAM Pin Counter Method 
Active Retained Retained Active RESET 
(Note 3) input, 
interrupt 
request 
Stop Retained High Stop RESET 
impedance input 
(Note 2) 


The MCU recovers from STOP mode by RESET input. Refer to table 13 for the contents of 


2. A high-voltage pin with a pull-down MOS is tied to the Vaisp power supply through the pull- 
down MOS. As the pull-down MOS stays on, a pull-down current flows when a difference 
between the pin voltage and the Vuisp voltage exists. This is in addition to the current 


dissipation in stop mode (stop). 


3. As an 1/O circuit is active, an |/O current may flow, depending on the state of 1/O pin in 
standby mode. This is in addition to the current dissipation in standby mode. 


Active 


1 


Standby 


_ 
Lu 
op) 
Lu 
om 


=O | 


RESET 





Figure 14. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is O, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 


Figure 15 shows the flowchart of the standby 
mode. 











Oscillator active 
Peripheral clocks 
active 

All other clocks 
stop 







Restart 
processor clocks 










(A) 
Reset MCU 


(B) 
Execute 
instruction 


Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to trc for oscil- 
lation to stabilize. (Refer to AC Characteris- 
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y/SPY registers, and car- 
ry may not retain their contents. 















Restart 
processor clocks 
Yes (C) 
Interrupt 
accept 


Figure 15. MCU Operating Flowchart in Standby Mode 
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RAM Addressing Mode 


As shown in figure 17, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 18. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


| Stop mode | 


When BR is on a page boundary (256n + 255) 
(figure 19), executing a BR instruction trans- 
fers the PC contents to the next page accord- 
ing to the hardware architecture. Conse- 
quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 
pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL instruc- 
tion is executed, 6-bits of immediate data are 
placed in the low- order six bits of the pro- 
gram counter (PCs to PCo) and Os are placed 
in the high-order eight bits (PCi3 to PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 20). When bit 8 in the ROM 
data is 1, 8 bits of ROM data are written into 
the accumulator and B register. When bit 9 is 
1, 8 bits of ROM data are written into the R1 
and R2 port output register. When both bits 8 
and 9 are 1, ROM data are written into the 
accumulator and B register and also to the R1 
and R2 port output register at the same time. 


The P instruction has no effect on the pro- 
gram counter. 


oseiteror TTT _, Ao 


Internal clock ae 


RESET — T 


STOP instruction execution 





++] 


FeS 


(more than stabilization time: trac) 


Figure 16. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 


fo ON a ee ee ay 


| | 
RAM Address | el APs | AP? | APs | APs | APs | AP3 | AP2 | AP; | are 


Register Indirect Addressing 


Instruction 1st Word Instruction 2nd Word 


RAM Address 





Direct Addressing 


Instruction 








RAM Address 






Memory Register Addressing 


Figure 17. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 


Instruction 1st Word instruction 2nd Word 









ds 





d4 







de 






Program Counter }PC13 PC12 PC11 PCio PCa PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Direct Addressing 


Instruction 




















ba b3 b2 bi bo 


PCi3 PCi2 PCi1 PCio PCa PCs PCz7 PCe PCs PCa PC3 PC2 PC: PCo 


Current Page Addressing 


(BR) bs 





be 








Program Counter 


Instruction 


(CAL) Opcode 


a5 a4 a3 a2 a1 ao 
piairrrr Tire 


Program Counter |PC13PC12PCi1 PCio PC9 PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Zero Page Addressing 


Instruction 


Program Counter |PC13PC12 PC11 PCi0o PCp PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Table Data Addressing 





Figure 18. ROM Addressing Mode 
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256(n—1)+255 
BR AAA 256n 


AAA NOP 


256n+254 
256n+255 
256(n+1) 


BBB NOP 





Figure 19. BR Instruction Branch Destination on Pages Boundary 


Instruction 


: 
ROM Data ROs ROs RO7 ROes ROs ROs RO3z RO2 RO: ROo 


Output Register R1, R2 {R23 R22 R2;1 R20]/R13 R12 R11 R1o 


Pattern 





Figure 20. P Instruction 
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Instruction Set 


The HMCS414C/CL/AC provide 98 instruc- 
tions which are classified into 10 groups as 
follows: 


1. Immediate instruction 

2. Register-to-register instruction 
3. RAM address instruction 

4. RAM register instruction 

5. Arithmetic instruction 


6. Compare instruction 
7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 
10. Control instruction 


Tables 17-26 list their functions, and table 27 
is an opcode map. 





Table 17. Immediate Instructions 








Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI i 1000 1 1 ig ig 1 ip I-AA 1/1 
Load B from Immediate LBL i 100 0 0 O i3 ig i) ip t-B 1/1 
Load Memory from LMID i,d 01101 O ig ig iy i9 i -M 2/2 
Immediate dg dg d7 de ds dq d3 do di do 
Load Memory from LMIN i 10100 1 ig ig iy ig i-M, Y+1-Y NZ tf 
Immediate, Increment Y 
Table 18. Register-to-Register Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 B=+A 1/1 
Load B from A LBA 00110031000 A-B 1/1 
Load A from Y LAY 001010111 1 YA 1/1 
Load A from SPX LASPX 0001101000 SPX “A . 1/1 
Load A from SPY LASPY 0001011000 SPY +A 1/1 
Load A from MR LAMR m 100 1 1 1 mmmm MRim) ~- A 1/1 
Exchange MR and A XMRA m 101 1 1 1 mmmm MR(m)-A 1/1 
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Table 19. RAM Address Instructions 


Operation 


Load W from Immediate 
Load X from Immediate 


Load Y from Immediate 








Load X from A 
Load Y from A 
Increment Y 


Decrement Y 


Add A to Y 





Subtract A from Y 
Exchange X and SPX 
Exchange Y and SPY 


Exchange X and SPX,Y 
and SPY 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 






































Mnemonic Operation Code Function 

LWI i 00111100i% ig i+ W 

LXI i 1000 1 O i3 ig iy ip § *°X 

LYI i 1 OOOO: 1 Gane fa. fis: a OY 

LXA 0011101000 A:xX 

LYA 0011011000 A-Y | 
lY 0001011100 Y+1 °+¥Y 
DY 0011011111 Y-1+¥ 
AYY 000103103100 YtA +¥Y 
SYY 0.0 1 70 1:0 1.0 0 Y=A** ¥ 
XSPX 0000000001 X-+ SPX 
XSPY 0000000010 Y-+ SPY 
XSPXY 000000001 1 X+SPX, Y-SPY 

@ HITACHI 


Status Cycles 


Words/ 


1/1 





1/1 


1/1 
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Table 20. RAM Register Instructions 





Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Memory LAM(XY) 001003100 y x M-A, (X-SPX, Y-SPY) 1/1 
Load A from Memory LAMD d 0110010000 M~-A 2/2 
dg dg d7 de ds d4 d3 d2 d; do 
Load B from Memory LBM(XY) 00010000 y x M-B, (X-SPX, Y-SPY) 1/1 
Load Memory from A LMA(XY) 001003101 y x AM, (X-SPX, Y-SPY) 1/1 
Load Memory from A LMAD d 011003103100 A~M 2/2 
dg dg d7 de ds dag d3 d2 di do 
Load Memory from A, LMAIY(X) 000101000 x A-M, Y+1~Y (X-SPX) NZ 1/1 
Increment Y 
Load Memory from A, LMADY(X) 0011031000 x A=-M, Y-1-Y (X-SPX) NB 1/1 
Decrement Y 
Exchange Memory and A XMA(XY) 00100000 y x MA, (X-SPX, Y-SPY) 1/1 
Exchange Memory and A XMAD d 0110000000 MHA 2/2 
dg dg d7 de ds d4 d3 d2 d; do 
Exchange Memory and B XMB(XY) 00110000 =y x M-B, (X-SPX, Y-SPY) 1/1 


Note: (XY)and (X) have the following meaning: 
(1)The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 


LAM (XY) is given, below). 


Mnemonic y x Function 

LAM Oo 8600 

LAMX 6) 1 X — SPX 

LAMY 1 O Y — SPY 
LAMXY 1 1 X—-SPX, Y~SPY 


(2)The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 


Mnemonic x Function 
LMAIY O 
LMAIYX 1 X — SPX 
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Table 21. Arithmetic Instructions 


Operation 


Add Immediate to A 


Increment B 


Decrement B 





Decimal Adjust for Addition 


Decimal Adjust for Subtraction 


Negate A 


Complement B 
Rotate Right A with Carry 


Rotate Left A with Carry 





Set Carry 


Reset Carry 





Test Carry 
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Function 
Ati oA 
B+1-—-B8B 


B-1-—-B 


Words/ 
Status Cycles 


Add A to Memory 


Add A to Memory 


Add A to Memory with Carry 


Add A to Memory with Carry 


Subtract A from Memory 


with Carry 


Subtract A from Memory 


with Carry 


OR A and B 


AND Memory with A 


AND Memory with A 


OR Memory with A 


OR Memory with A 





EOR Memory with A 


EOR Memory with A 


Note: 


NM: Logical AND 
U: Logical OR 
@ : Exclusive OR 











M+A+CA—A 
OVF—CA 


M+A+CA—A 
OVF-CA 


M-A-CA~A 
NB-CA 


M—-A—CA-A 
NB--CA 





Mnemonic Operation Code 
Ali 10 1°O.0°O is ib ix ig 
iB 0001001100 
DB 00110011 1~=1 
DAA 00101001 1 0 
DAS 9 01010101 0 
NEGA 0001100000 
COMB : 0101000000 
ROTR 00101000 0° 
ROTL 001010000 1 
SEC 0011101 1 1 ~=41 
REC 0011101 100 
TC 0001101 1 1 =1 
AM 0000001000 
AMD d 0100001000 
dg dg d7 dg ds d4 d3 do d; do 
AMC 0000011000 
AMCD d 0100011000 
dg dg d7 dg ds da d3 d2 d; do 
SMC 0010031411000 
SMCD d 01100311000 
deded7sde de data dedi do 
OR 0101000100 
ANM 001001 1100 
ANMD d 01310011100 
dg dg dy dg ds dy d3 do dy do 
ORM 0 000 0013100 
ORMD d 0100001100 
dg dg d7 dg ds dq d3 d2 d; do 
EORM 0000011100 
EORMD d 0100011100 


dg dg d7 dg ds dq d3 d2 d; do 


© HITACHI 
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A®M~A 


A®DM--A 


OVF /4 
NZ 1/1 
NB 1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
CA 1/1 
OVF 1/1 
OVF 2/2 
OVF 1/1 
OVF 2/2 
NB 1/1 
NB 2/2 
1/1 
NZ 1/1 
NZ 2/2 
NZ 1/1 
NZ 2/2 
NZ TAN: 
NZ 2/2 
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Table 22. Compare Instructions 


Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Immediate Not Equal INEM i 000 0 1 O ig i2 4 ip i#M NZ 1/1 
to Memory ; 
Immediate Not Equal INEMD i,d 0100 1 O ig i2 i; ig ix M NZ 2/2 
to Memory dg dg d7 dg ds dq d3 do d; do 
A Not Equal to Memory ANEM 0000000100 A+M NZ 1/1 
A Not Equal to Memory AMEMD d 0100000100 A+#+M NZ 2/2 
dg dg d7 dg ds d4 d3 d2 d; do 
B Not Equal to Memory BNEM 0001000100 B+M NZ 1/1 
Y Not Equal to Immediate YNEI | 0001 1 1 ig ig i; ip Y #1 NZ 1/1 
Immediate Less or Equal ILEM i 0000 1 1 ig i2 iy ip isM NB 1/1 
to Memory 
Sean ee ea ee see ar eee ee 2 a 
Immediate Less or Equal ILEMD i,d 0100 1 1 ig i2 i; io i<sM NB 2/2 
to Memory dg dg d7 dg ds d4 d3 d2 di do 
A Less or Equal to Memory ALEM 0000010100 As NB 1/1 
A Less or Equal to Memory ALEMDd 0100010100 As NB 2/2 
dg dg d7 dg ds dag d3 d2 dj do 
B Less or Equal to Memory BLEM 0011000100 #BsM NB val 
A Less or Equal to Immediate ALEI i 10101 1 ig i2 t4 io Asi NB 1/1 
Table 23. RAM Bit Manipulation Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Memory Bit SEM n 0010000 1m" 1% 1 — M(n) 1/1 
Set Memory Bit SEMD n,d 0110000 1n % 1 — M(n) 2/2 
dg dg d7 dg ds dq d3 d2 d; do 
Reset Memory Bit REM n 0010001 0mnm%1m O —~M(n) 1/1 
Reset Memory Bit REMD n,d 0110001 0m 1% 0 — M(n) 2/2 
dg dg d7 dg ds da d3 d2 dj do 
Test Memory Bit TM n 0010001 1m 1 Min) 1/1 
Test Memory Bit TMD n,d 0110001 1n 1% M(n) 2/2 


dg dg d7 dg ds d4 d3 d2 dj do 
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Table 24. ROM Address Instructions 


| Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 14 BR b 1 1 b7 be bs ba b3 bz by bo 1 1/1 
Long Branch on Status 1 BRL u 0101 1 1 p3p2Pp1 po 1 2/2 
dg dg d7 dg ds da d3 do dd} do 
Long Jump Unconditionally JMPLu 0101 0 1 p3p2 Pi Po 2/2 
dg dg d7 dg ds d4 d3 d2 di do 
Subroutine Jump on Status 1 CAL a O 1 1 = 1 as aq a3 a2 a1 aO 1 1/2 
Long Subroutine Jump on CALL u 010 1 1 0 p3p2 91 Po 1 2/2 
Status 1 dg dg d7 dg ds da d3 d2 d do 
Table Branch TBR p 0010 1 1 p3p2p; po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 000001000 1 1 -1/E ST 1/3 
CA Restore 
Table 25. Input/Output Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete |/O Latch SED 00131100410 0 1 ~ D(Y) 1/1 
Set Discrete 1/O Latch Direc SEDD m 10111 0m mm no 1 — D(m) 1/1 
Reset Discrete |/O Latch RED 000110010 0 0 -- D(Y) 1/1 
Reset Discrete |/O Latch Direct REDD m 1001 1 0m mm rm 0 -- D(m) 1/1 
Test Discrete 1/O Latch TD 001110000 0 D(Y) 1/1 
Test Discrete !/O Latch Direct TDD m 10101 0mm m mM D(m) 1/1 
Load A from R Port Register LAR m 10010 1mmm mm R(m) - A 1/1 
Load B from R Port Register LBRm 10010 Ommm mm R(m) ~ B 1/1 
Load R Port Register from A LRAm 10110 1m mm m A - R(m) 1/1 
Load R Port Register from B LRBm 101 1 0 0mm mM mM B — R(m) 1/1 
Pattern Generation Pp O11 0 1 1 p3 p2 pi Po 1/2 
Table 26. Control Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 1/1 
Standby Mode SBY 0101001100 1/1 
Stop Mode STOP 010313100110 41 1/1 


Note: HMCS414 has no serial interface, so STS (start serial) operates the same as NOP. 
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Table 27. Opcode Map 


Pa ee 
wo[Xlo[+ [2[3/4/s]6]7/8/9lajeiclojelrloj1|2jala/sje]7[s/slajelc [ol r | 
Ha a ee eee 


A 
Ny 
i 


JMPL p(4) 


en ig CALL p(4) 
sna) [ew ih [wna foxy wo [Reo wa) | HO wa 
tamocw) | uMAdan pid ed — Fa ih 


p(4) a ig p(4) 


Hf 











rs 
= 
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HMCS414C/HMCS414CL/HMCS414AC 


Absolute Maximum Ratings 


Item Symbol Value Unit Note 
Supply Voltage Vec —- 0.3 to + 7.0 V 
Terminal Voltage Vr - 0.3 to Vcc + 0.3 V 3 
Vec — 45 to Vcc + 0.3 V 4 
Total Allowance of Input Current = lo 25 mA 5 
Maximum Input Current lo 15 mA 7,8 
Maximum Output Current — lo 4 (2) mA 9,10, 13 
6 (3) mA 9, 11,13 
30 (15) mA 9,12,13 
Total Allowance of Output Current — = lo 85 (100) mA 6, 13 
Operating Temperature Topr - 20to + 75 "°C 
Storage Temperature Tstg —- 55 to + 125 "G 
Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera- 
tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceeded, it may cause a malfunction or affect the reliability of LSI. 
2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input currents which flow in from all 
1/O pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output currents which flow out 
from Vcc to all [/O pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each I/O pin to GND. 
8. Do—D3, R3 and R4. 
9. Maximum output current is the maximum amount of output current from Vcc to each 1/O 
pin. 
10. Do— D3, R3 and R4. 
11. RO—R2. 
1 2. Da ms D; 5. 
13. — = lo = 100 mA if —lois equal to or less than 2 mA, 3 mA, or 15 mA. 
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HMCS414C/HMCS414CL/HMCS414AC 


Electrical Characteristics 


DC Characteristics 





(GND = 0 V, Vaisp = Vcc — 40 V to Vcc, Ta = —20°C to + 75°C, 
HMCS414C: Vcc = 3.5 V to 6 V, 
HMCS414CL: Vcc = 2.5 V to 6 V, 
HMCS414AC: Vcc = 4.5 V to 6 V) 
Item Symbol Pin Min Max Unit Test Condition Note 
Input High Vin RESET, 0.8 Vcc Vec + 0.3 v 
Voltage R32/INTo, 

R33/INT, 

OSC, Veco ~- 90.5 Weco+ 0.3 Vv HMCS414C/AC 

Veo ~ 9.3 Veco + 0.3 Vv HMCS414CL 

Input Low Vit RESET, | -0.3 0.2 Vcc V 
Voltage R32/INTo, 

R33/INT, 

OSC, —0.3 0.5 Vv HMCS414C/AC 

-0.3 0.3 V HMCS414CL 

Input/Output =| t | RESET, 1 uA Vin = OV to Vec 1 
Leakage R32/INTo, 
Current R33/INT 1, 

OSC, 
Current Icc Vcc 1.8 mA HMCS414C; Vcc = 5 V; 2,5 
Dissipation in fosc = 4 MHz, + 8, or 
Active Mode fosc = 2 MHz, + 4 

0.8 mA HMCS414CL; Vec = 3V; 2,5 


fosc = 4 MHz, > 16, or 
fosc = 2 MHz, - 8 


3.0 mA HMCS414AC: Vec = 5V; 2,5 
fosc = 4 MHz, +4 
Current IsBy Vec 1.0 mA HMCS414C; Vec = 5 V; 340 
Dissipation in : foss = 4 MHz, + 8, or 
Standby Mode fosc = 2 MHz, + 4 
0.5 mA HMCS414CL; Vec = 3 V: 3,5 
Tosc = 4 MHz, 7 16, or 


fosc~= 2 MHz, = 8 


1.4 mA HMCS414AC; Vec = 5 V; 3,5 
fosc = 4 MHz, — 4 
Current Sse Vec 10 uA Vin(TEST) = Vec -0.3Vto 4 
Dissipation in | Vec: Vec, Vin(RESET) = 
Stop Mode OVto3 V 
Stop Mode Vstop Vec 2 . V 


Retain Voltage 


Notes: 1. Excluding pull-up MOS current and output buffer current. 
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Notes: 


2. 


HMCS414C /HMCS414CL/HMCS414AC 


The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state, operation mode 

* RESET, TEST: Vcc 

* Do-D3, R3, R4: Vcc 

* D4-Di4, RO-R2, RA1: Vaisp 





. The timer/counter operates with the fastest clock. Input/output current does not flow. 


- MCU in standby mode 

- Input/output in reset state 
- RESET: GND 

> TEST: Vec 

- Do-D3, R3, R4: Vec 

° Da-Dia, RO-R2, RA: Vaisp 


. Excluding pull-down MOS current. 


5. When fosc = x MHz, estimate the current dissipation as follows: 
HMCS414C/AC; Max value @ x MHz = x/4 x (max value @ 4 MHz) 


HMCS414CL; Max value @ x MHz 


Input/Output Characteristics for Standard Pins 


x/2 <x (max value @ 2 MHz) 


(GND = 0 V, Vaisp =Vcc — 40 V to Vcc, Ta = —20°C to +75°C, 


HMCS414C: Vcc = 3.5 V to 6 V, 


HMCS414CL: Vcc = 2.5 V to 6 V, 





HMCS414AC: Vcc = 4.5 V to 6 V) 
item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin Do-D3, 0.7 Vcc Ver + 0.3 V 
Voltage R39, R31, 
R4 
Input Low Vit Do-D3, =0.3 0.3Vcc V 
Voltage R39, R31, 
R4 
Output High Vou Do-D3, Wee 10 V HMCS414C/AC: 1 
Voltage R30, R31, — lon = 1.0 mA 
R4 
Do-D3, Vec - 0.5 V HMCS414C/AC: 1 
R30, R31, ~loy = 0.5 mA 
R4 HMCS414CL; - Ioy = 0.3 mA 
Output Low VoL Do-D3, 0.4 V HMCS414C/AC; Io, = 1.6 mA 
Voltage R309, R31, HMCS414CL; Ion = 0.4 mA 
R4 
Input/Output an Do-D3, 1 uA Vin = OV to Vcc 2 
Leakage Current R30, R31, 
R4 
Pull-Up MOS —Ip Do-D3, 30 60 150 uA Vec = 5V, Vin = OV 3 
Current R39, R31, 
R4 
Do-D3, 3 ¥5 50 uA HMCS414CL only; 3 
R39, R31, Vec = 3 V, Vin = OV 
R4 
Notes: 1. 1/O pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. 1/O pins with pull-up MOS selected by mask option. 
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HMCS414C/HMCS414CL/HMCS414AC 





Input/Output Characteristics for High-Voltage Pins 


(GND = 0 V, Vaisp 


=Vcc — 
HMCS414C: Vcc = 3.5 V to 6 V 
= 2. 
= 4, 


40 V to Voc, Ta = —20°C to +75°C, 
ra 








+] 
HMCS414CL: Vcc 5 V to 6 V, 
HMCS414AC: Vcc 5 V to 6 V) 
item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin Da-Di4, 0.7 Vec Ver + 0.3 V 
Voltage R1, R2, 
RA 
Input Low Vit D4a-Di4, Vcc — 40 0.3Vcc V 
Voltage R1, R2, 
RA, 
Output High VoH D4-D14 Vec — 3.0 V — lox =15 mA, 
Voltage HMCS414C/CL; 
Vec = 5V + 20% 
HMCS414AC; 
Vec = 4.5to6V 
Vec - 2.0 V — lon=10 mA, 
HMCS414C/CL; 
Vec = 5V + 20% 
HMCS414AC; 
Veco =4.5 to6 V 
Vec — 1.0 Vv HMCS414C/AC; 
—lon= 4mA 
HMCS414CL; 
~ low = 2.5 mA 
RO-R2 Vec — 3.0 V — lon = 3 mA, 
HMCS414C/CL; 
Vec = 5V + 20% 
HMCS414AC; 
Vec=4.5 to6 V 
Vec -— 2.0 V — lon = 2mMmA, 
HMCS414C/CL; 
Vec = 5V + 20% 
HMCS414AC; 
Vcc =4.5 to 6 V 
— lon = 0.8 mA 
HMCS414CL; 
—~ lon = 0.5 mA 
Output Low VoL D4-Dia, Vec — 37 vy Vdisp = Vcc — 40 V 1 
Voltage RO-R2 
D4-Di4, Vec - 37 v 150kQ to Vec — 40V 2 
RO-R2 
Input/Output | li D4-Di4, 20 uA Vin = Vec — 40 V to Vec 3 
Leakage RO-R2, 
Current RA, 
Pull-Down MOS ld Da-D14, 125 250 £600 uA Vdisp = Vcc — 35 V, 4 
Current RO-R2, Vin = Vec 
RA 
Notes: . I/O pins with pull-down MOS selected by mask option. 


. I/O pins without pull-down MOS (PMOS open drain) selected by mask option. 
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3. Pull-down MOS current and output buffer current are excluded. 
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HMCS414C/HMCS414CL/HMCS414AC 


AC Characteristics 


(GND = 0 V, Vaisp =Vcc — 40 V to Vcc, Ta = —20°C to +75°C, 
HMCS414C: Vcc = 3.5 V to6 V 


§ 
HMCS414CL: Vcc = 2.5 V to 6 V, 
HMCS414AC: Vcc = 4.5 V to 6 V) 
Test 
item Symbol Pin Min Typ Max Unit Conditions Note 
Oscillation Frequency fog, OSC;, OSC2 0.4 4 4.5 MHz HMCS414C; 
divide by 8 
0.2 2 2.25 MHz HMCS414C; 
divide by 4 
0.38 4 4.5 MHz HiVICS414CL; 
divide by 16 
0.4 2 2.25 MHz HMCS414CL; 
divide by 8 
0.2 4 4.5 MHz HMCS414AC; 
divide by 4 
Instruction Cycle teye 1.78 2 20 “us HMCS414C 
Time 
3.55 4 20 “us HMCS414CL 
0.89 1 20 us HMCS414AC 
Oscillator Stabiliza- tac OSC, OSC2 20 ms HMCS414C/AC 1 
tion Time 
60 ms HMCS414CL 1 
External Clock tcPH, OSC, 92 ns HMCS414C; 2 
High, Low tcpL divide by 8 
Level Width HMCS414CL; 
divide by 16 
HMCS414AC; 
divide by 4 
203 ns HMCS414C; 2 
divide by 4 
HMCS414CL; 
divide by 8 
(continued) 
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HMCS414C/HMCS414CL/HMCS414AC 


AC Characteristics (Cont) 


Test 

item Symbol Pin Min Typ Max Unit Conditions Note 
External Clock Rise tcp, OSC, 20 ns 2 
Time. 
External Clock Fall tcp, OSC, 20 ns 2 
Time 
INTn Hiah Level tian: INTo 2 teve 3 
Width 
INTo Low Level tio. —INTo 2 tive 3 
Width 
INT, High Level tH INT; 2 teye 3 
Width 
INT, | Low Level tit INT 2 toyc 3 
Width | 
Width 
Input Capacitance (C,, All pins 15 pF f =1 MHz, 
RESET Fall Time trstt 20 ms HMCS414C/AC 4 

15 ms HMCS414CL 4 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage (HMCS414C; 3.5 V, HMCS414CL; 2.5 V, HMCS414AC; 
4.5 V) after power-on, or after RESET goes high. At power-on or stop mode release, 
RESET must be kept high for at least tac. Since tac depends on the crystal or ceramic filter’s 
circuit constant and stray capacitance, please get the manufacturer's advice when design- 
ing the RESET circuit. (See figure 21.) 
2. See figure 22. 
3. See figure 23. 
4. See figure 24. 


HITACHI 
464 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HMCS414C /HMCS414CL/HMCS414AC 





HMCS414C/AC 


Crystal: 4.194304MHz Ceramic filter: CSA4.00 MG (Murata) 
NC-18C (Nihon Denpa Kogyo) Rp=1 [MQ] + 20%, 


Re=1 [MQ] + 20%, C, =C, = 30 [pF] + 20% 
C, =C, = 22 [pF] + 20% : : i 


HMCS414CL 


Crystal: 2.097152MHz Ceramic filter: CSA 2.000MK (Murata) 
DS-MGQ 308 (Seiko) R¢=1 [MQ] + 20%, 

R¢ = 1MQ + 20%, Rd = 2.2k2Q + 20% C, =C, =30 [pF] + 20% 

C, =C, = 10pF + 20% 





Figure 21. Oscillation Circuit 


HMCS414C/AC 


HMCS414CL 





Figure 22. Oscillator Timing 
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Figure 23. Interrupt Timing 





Figure 24. Reset Timing 
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HMCS414C/HMCS414CL/HMCS414AC 


_ Date of Order 


HMCS414C/CL/AC 
Mask Option List 





« Please enter check marks in [_| 
(M,x, v). 














5V Operation: CL] HMCS414C 






3V Operation: (_] HMCS414CL 


ROM Code Name 


LSI Type Number 
(Hitachi's entry) 
Please enter O in applicable item to select I/O option. 


A: Without Pull-up MOS (NMOS Open Drain) B: With Pull-up MOS 
C: CMOS (cannot be used as input) 
D: Without Pull-down MOS (PMOS Open Drain) E: With Pull-down MOS 














High Speed Operation: |] HMCS414AC 





(1) 1t/O Option 


Note: I/O options masked by @ are not available. 


A 


Input/Output 
A;iBiC 


o afe[e[ofe 
TT = = 





Pin Input/Output 






















=o 






n/a e/a 








Input/Output 














Standard Pins 





a 
je) 


— 
_ 


Y WY Fo Output YIYI___| 
Input/Output YY 3 putput UY H//} Lae 
Input/Output ) ) ) ” ela eee yp 
Input/Output YY, - R1, Z| mewvounut 7 YY Uff Uy} 

oe // eee oon 
Input/Output Y YW Yj clad E Input/Output YY, |_| 
Input/Output Hf Yj, |_| R20 MpuEOUTOHE YW | 
Input/Output Yi, |_| R21 Input/Output Yj, | 
| Input/Output YY, |_| is co “Input/Output YW), 
Di Input/Output Yi | ill | ee Yy Yi vy 
Dis nput/Ouwut YY | ee Input/Output | | Wf 

Input/Output Yyyene - R3; ee oe / 

+ 


Input/Output YY ) 
- Input/Output || | Gf 

R4, Input/Output | | & YY 
| Input/Output aae/7 
RA |RAL gf, ai 
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a 
oltage Pins 


W iw) 





D7 





—ry 








oO 
© 
High Voltage Pins 































































D 
PS 
oO 

Standard Pins 














HMCS414C/HMCS414CL/HMCS414AC 


(2) RA, /Nisp 


Please check (MI, X, \/) applicable item. 


RA1/Visp 
[] RA: Without Pull-down MOS (D) 


mia mA NG bn mm te bn nalantand nn V/.. nmin 

INULC. MAAI/ Vdisp liad LU VU BUGIUULUU wo vUisp pis 
exept the case that all high pins are 
option D. 










(3) Divider (Div) 


Please check (Ml, X, \/) applicable item. 









HMCS414C | HMCS414CL | HMCS414AC 


8 MMA —§$s O°] 
po fo Cl 


YY) 
4 | 0 fh 2 | 


SS 





Please check (M, X, \/) applicable item. 


ROM Code Media 
[.} EPROM: Emulator Type 


[| EPROM: EPROM On-Package Microcom- 
puter Type 







(5) Oscillator (CPG option) 


Piease check (MM, X, \/) applicable item. 


option (5V Operation) (3V Operation) (High Speed Operation) 
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HMCS424C/HMCS424CL/— 


HMCS424AC 





(HD404240/HD40 sce HD40A4240) 


Description 


The HMCS424C/CL/AC are CMOS 4-bit 
single-chip microcomputers in the HMCS400 
series. Each device incorporates ROM, RAM, 
I/O, serial interface, and 2 timer/counters, 
and contain high-voltage I/O pins including 
high-current output pins to drive a fluores- 
cent display directly. 


Features 

@ 4-bit architecture 

@ 4096 words of 10-bit ROM 

@ 256 digits of 4-bit RAM 

@ 3611/0 pins, including 24 high-voltage I/O 


pins (40 V max) 
2 timer/counters 
—11-bit prescaler 
—8-bit free running timer/counter 
—8-bit auto-reload timer/event counter 
@ Clock synchronous 8-bit serial interface 
@ Five interrupt sources 
—External: 2 
—Timer/counter: 2 
—Serial interface: 1 
@ Subroutine stack 
—Up to 16 levels including interrupts 
@ Minimum instruction execution time 
—0.89 us: HMCS424AC 
—1.78 us: HMCS424C 
—3.55 us: HMCS424CL 
@ Low power dissipation modes 
—Standby: Stops instruction execution 
while allowing clock oscillation and 
interrupt functions to operate 
—Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 
@® On-chip oscillator 
—Crystal or ceramic filter 
—External clock input 
@ Package 
—Standard 42-pin dual in-line plastic 
package 
—42-pin shrink dual in-line plastic pack- 
age 
—44-pin flat plastic package 
@ Instruction set compatible with 
HMCS408; 99 instructions 
@ High programming efficiency with 10-bit/ 
word ROM: 79 single-word instructions 
@ Direct branch to all RAM areas 
@ Direct or indirect addressing of all RAM 
areas 


Subroutine nesting up to 16 levels includ- 
ing interrupts 

Binary and BCD arithmetic operations 
Powerful logical arithmetic operations 
Pattern generation-table lookup capabil- 
ity 

@ Bit manipulation for both RAM and I/O 


Program Development Support Tools 


@ Cross assembler and simulator software for 
use with IBM PCs and compatibles 


@ Incircuit emulator for use with IBM PC 
HD40P4281 with the following fixed 
options: 

—I/O pin: open drain 

—Oscillator: crystal or ceramic filter oscil- 
lator (externally drivable) 

—Divider: Divided by 8 

—Package: 
Standard 42-pin dual in-line ceramic 
package 


Type of Products 


item HMCS424C HMCS424CL HMCS424AC 
Product HD404240 HD40L4240 HD40A4240 
Name 

Power Supply 3.5 to 6 2.5 to 6 4.5 to 6 

(V) 

Typical 2 4 1 

Instruction 


Cycle Time (us) 
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HMCS424C/HMCS424CL/HMCS424AC 


Pin Arrangement 


° 


- o = - ~ 


Mon anr WN 


1 

2 
3 
4 
5 
6 
7 
8 
9 


Oe oo co oe ood 


: No Conection 





(DP-42, DP-42S) 
(Top View) (Top View) 


Block Diagram 


R4/R4,/R42/ R33/ R32/ 
SCK SI SO INT, INT RESET TEST OSC, OSC? Vec GND 


Serial | Timer | Timer External System Control 
A B 


Interrupt 


Interrupt Control 


4096 x 10 bit 


Instruction 


RAM 256 x 4 bit Decoder 


[on] [ 
bo! 


TTT oT 


la 


4 ' 
‘ 
R43R42/ R4,/, R4o/ R33/A32/R3:R30!R23R22R2iA2o R1gR12R1 Rio {ROsRO2RO1ROo} 
SO si SCK INT, INT, 


cabo rtedet-4-4 
{ 
' 


Eat High voltage pins 
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HMCS424C /HMCS424CL/HMCS424AC 


Pin Description 
GND, Vcc; Vuaisp (Power) 


GND, Vcc and Vgisp are the power supply pins 
for the MCU. Connect GND to the ground (0 
V) and apply the Vcc power supply voltage to 
the Vcc pin. The Vuisp pin (multiplexed with 
RA,) is a power supply for high-voltage I/O 
pins with maximum voltage of 40 V (Vec— 40 
V). For details, see Input/Output section. 


TEST (Test) 


TEST is for test purposes only. Connect it to 
Vac: 


RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC,, OSC, (Oscillator Connections) 


OSC, and OSC, are input pins for the internal 
oscillator circuit. They can be connected toa 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 


Do— Dia (D Port) 
The D port is an input/output port addressed 


by the bit. These 16 pins are all input/output 
pins. Dp to D3 are standard and Dy, to Dy, are 


high-voltage pins. The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output section. 


RO, — RO;, R1)— R13, R2,— R23, R3,9— R33, 
R4,)—R4;3, RA; (R Ports) 


RO to R4 are 4-bit ports. RA is a 1-bit port. RO 
is an output port, RA is an input port, and R1 
to R4 are I/O ports. RO, R1, R2, and RA are 
high-voltage ports, and R3 and R4 are stan- 
dard ports. Each pin has a mask option which 
selects its circuit type. The pins R32, R33, R4o, 
R4,, and R4, are multiplexed with INT,, INT, 
SCK, SI, and SO respectively. For details, see 
Input/ Output section. 








INT), INT, (Interrupts) 


INT, and INT, are external interrupts for the 
MCU. INT, can be used as an external event 
input pin for timer B. INTp and INT, are 
multiplexed with R3, and R33 respectively. 
For details, see Interrupt section. 


SCK, SI, SO 


The transfer clock I/O pin (SCK), serial data 
input pin (SJ), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R4,, R4;, and R4, 
respectively. For details, see Serial Interface. 
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HMCS424C/HMCS424CL/HMCS424AC 


Functional Description 
ROM Memory Map 


The MCU includes 4,096 words x 10 bits of 
ROM. ROM is described in the following par- 
- agraphs and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F can be used 
for JMPL instructions to branch to the start- 
ina address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F can 
be used for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $OFFF can be used for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 


Program Area ($0000 to SOFFF): Loca- 


tions from $0000 to $O0FFF can be used for 
program code. 


Vector Address 


Zero-Page Subroutine 
(64 Words) 


Program 
Pattern 
(4,096 Words) 


Not Used 


RAM Memory Map 


The MCU includes 256 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 


Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) 1s 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter- 
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 
instructions. 


Data Area ($020 to SODF);: 16 digits of $020 
through $02F are called memory registers 


JMPL Instruction 
(Jump to INTo Routine) 


JMPL Instruction 
(Jump to INT: Routine) 


JMPL Instruction 
(Jump to Timer B Routine) 


JMPL Instruction 
(Jump to SERIAL Routine) 





Figure 1. ROM Memory Map 
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(o) 


$000 
$001 
$002 


;$003 
Port Mode Register (PMR) | W 1$004 
Serial Mode Register (SMR) w {$005 
Serial Data Register Lower (SRL) R/W {$006 
Serial Data Register Upper (SRU) | R/W 1$007 
Timer Mode Register A(TMA) + w= {$008 
Timer Mode Register B (TMB)! W_ |$009 
(TCBL/TLRL)! R/W |SOO0A 
ee en ne 
(TCBU/TLRU)! R/W |$00B 


—_ 


RAM -Mapped Registers ; 
Interrupt Control Bits 


Memory Registers (MR) 


(192 Digits) 


Oo oO ON OD oO FW Bb 


— 


Timer 8” 


——b 
— 


Not Used 


NO 


Not Used 
Stack 
(64 Digits) 


* Two registers are mapped on same address. 


Timer/Event Counter B Lower: Timer Load Reg. Lower : 
R: Read Only (TCBL) : R (TLRL : W 
W: Write Only : 


Timer/Event Counter B Upper Timer Load Reg. Upper 
R/W: Read/Write (TCBU) (TLRU) 


R 


Ww 





Figure 2. RAM Memory Map 


IMO IFO RSP I/E 
(IM of INTo) (IF of INT, ) (Reset SP Bit) (Interrupt Enable Flag) 
zh. 








IMTA IFTA IM1 IF 1 
(IM of Timer A) (IF of Timer A) (IM of INT; ) (IF of INT, ) 








IMTB IFTB 
(IM of Timer B) (IF of Timer B) 
IMS IFS 
(IM of Serial) (IF of Serial) 





Not Used Not Used 











Not Used Not Used 


Interrupt Request Flag 

Interrupt Mask 

Interrupt Enable Flag 

Stack Pointer 

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 

The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction. 





Figure 3. Configuration of Interrupt Control Bit Area 
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(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 


Stack Area ($3C0 to S3FF): Locations $3C0 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su- 
broutine call (CAL-instruction, CALL- 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 


Registers and Flags 


The MCU has nine registers and two flags for 
the CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis- 
ters. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis- 


ter is write-only register. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 


During interrupt servicing, carry is pushed 


mMmnTrT 


onto the stack. It is restoreud by a ATTN 
instruction, but not by a RTN instruction. 


Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack and res- 
tored back from the stack by a RTNI instruc- 
tion, but not by a RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trols the sequence in which the instructions 





Memory Registers 


Stack Area 
Level 16 |$3CO 


Level 15 
Level 14 


Level 13 
Level 12 


Level 9 
[ tever 6 
3 
2 
1 
































Level 
Level 


1023 















PCi3 to PCo: Program Counter 
ST: Status 
CA: Carry 


Note: As the HMCS424C/CL/AC have 4k 
ROM, PCi2 and PCi3 are not used. 





bit 3 bit 2 bit 1 bit O 





Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 
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stored in ROM are executed. 


Stack Pointer (SP): The stack pointer (SP) is 
used to point the address of the next stacking 
area (up to 16 levels). 


The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in- 
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 


The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 


Interrupt 


Five interrupt sources are available on the 
MCU: external requests (INTp, INT;), timer/ 
counter (timer A, timer B), and serial interface 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM) and interrupt 





vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control an 
interrupt operations. 


Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to O, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
controi circuit. Table 1 shows the interruvt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 


time, the interrupt will be activated and 
vector addresses will be generated from the 


Accumulator 
B Register 
1 a 
W Register 
O 
X Register 
Y Register 
SPX Register 


SPY Register 


Carry Flag 


Status Flag 


Program Counter 


Stack Pointer 


Figure 5. Registers and Flags 
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priority PLA corresponding to the interrupt 
sources. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-evecuted after iimping to the vector 
address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. | 


External Interrupts (INT,, INT;,): The 
external interrupt request inputs (INTp, INT;) 
can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT, pin and R3,/INTy) pin to be 
used as INT, pin and INT) pin respectively. 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INT) and INT, 
inputs (table 4). 


The INT, input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT, input. When 
using INT, as timer B external event input, 
the external interrupt mask (IM1) has to be 
set so that the INT, interrupt request will not 





Table 1. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET - $0000 
INT 1 $0002 
INT, 2 $0004 
Timer A 3 $0006 
Timer B 4 $0008 
SERIAL 5 $000C 


Table 2. Interrupt Service Conditions 





interrupt Contro! Bit INT, INT, Timer A Timer B Serial 
I/E 1 1 1 1 1 
IFO - IMO | 1 0 0 0 0 
1F1 + IM1 x 1 0 0 0 
IFTA - IMTA ** * 1 0 O 
IFTB - IMTB 2 * ** 1 0 
IFS > IMS 2 2 ** x 1 
* Don't care 
@ HITACHI 
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$000,0 Sequence Control 
I/E ie * Push PC/CA/ST 
| ° Reset 1/E 
+ Jump to Vector 
nee ( ) Address 





Vector Address 


oO — 
S15 
Ww 
aa 
Say 
1h 


Priority Control PLA 


Figure 6. Interrupt Control Circuit Block Diagram 


Instruction 
Cycles 


Instruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt Stacking, 


accepted Reset of 1/E 


JMPL instruction execution on the 
vector address 


Instruction 
execution at 
starting address 
of the interrupt 
routine 





Figure 7. Interrupt Servicing Sequence 
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Interrupt Yes 
Request 
7 










Execute 
Instruction 


PC—(PC) +1 


Yes 
(C) 
Interrupt 
Accept 


1/E-— O 


Stack—(PC) 
Stack<(CA) 
Stack —(ST) 












PC--$ 0002 


PC--$ 0004 





No 


: Yes Timer A 
PC--$ 0006 | Interrupt 


Timer B 
PC-—$ 0008 Interrupt 


PC+-$ 000C 
(Serial Interrupt) 





Figure 8. Interrupt Servicing Flowchart 
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be accepted (table 5). 


External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INT>, and INT, inputs 
respectively. 


External Interrupt Masks (IMO: S000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: S004): The 4-bit 
write-only port mode register controls the 
R3,/INTp pin, R33/INT, pin, R4,/SI pin, and 
R4,/SO pin as shown in table 6. The port 
mode register will be initialized to $0 by MCU 
reset. These pins are therefore initially used 
as ports. 


Serial Interface 
The serial interface is used to transmit/ 


receive 8-bit data serially. It consists of the 
serial data register, the serial mode register, 


the octal counter and the multiplexer as 
illustrated in figure 9. Pin R4)/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
serial data register can be written into or 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 

The STS instruction initiates serial interface 
operations and resets the octal counter to $0. 
The counter starts to count at the falling edge 
of the transfer clock (SCK) signal and incre- 
ments by one at the rising edge of the SCK. 
When the octal counter is reset to $0 after 
eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter- 
rupt request flag will be set. 





Serial Mode Register (SMR: $005): The 4- 
bit write-only serial mode register controls 
the R4,/SCK, prescaler divide ratio, and 
transfer clock source as shown in table 7. 

The write signal to the serial mode register 
controls the operating state of the serial 





Table 3. Interrupt Enable Flag 








Table 6. Port Mode Register 














Interrupt Enable Flag Interrupt Enable/Disable PMR3 R3;/INT, Pin 
0 Disable 0 Used as R33 port input/output pin 
: Enable 1 Used as INT, input pin 
Table 4. External Interrupt Request PMR2 R3,/INTo Pin 
Flag 
8) Used as R3> port input/output pin 
Ex Int Req Flags Interrupt Requests ee Nas ek i ey is ae et a 
0 No 1 Used as INTo input pin 
1 Yes 
PMR1 R4,/SI Pin 
0 Used as R4 t input/output pi 
Table 5. External Interrupt Mask _ pian Mapu ano Luu PIC 
1 Used as Sl input pin 
External Interrupt Masks Interrupt Requests 
O Enable 
1 Disable (masks) PMRO R42/SO Pin 
0 Used as R4, port input/output pin 
1 Used as SO output pin 
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interface. 

The write signal to the serial mode register 
‘stops the serial data register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane- 
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. : 

Contents of the serial mode register will be 
changed on the second instruction cycle after 
writing into the serial mode register. There- 
fore, it is necessary to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 


Serial Data Register (SDR: $006, SRU: 
$007): The 8-bit read/write serial data regis- 
ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 

The data in the serial data register will be 
output from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 


external data will be input from the SI pin to 
the serial data register, to MSB first, 
synchronously with the rising edge of the 
transfer clock. Figure 10 shows the I/O timing 
chart for the transfer clock signal and the 
data. 

The read/write operations of the serial data 
register should be performed after the com- 
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 


Serial Interrupt Request Flag (IFS: $003 
bit 0): Ihe serial interrupt request flag wili 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8. 


Serial Interrupt Mask (IMS: $003 bit 1): 
The serial interrupt mask masks the interrupt 
request. Refer to table 9. 


Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 














Prescaler (1 1 bit) 
See 
S 
o|- 


ON 

NIN | 

Mle TiO 

1 “le Dole Doe 



















SMR (4 bit) 
Serial Mode 
REG. 


PMR (4 bit) 
Port Mode 
REG. 





Internal Bus Line ($2) | 


MPX 


ee ED 


4 
SCK 1 
2 


a R4,/SI 
Port Port 


OC (3 bit) 
Octal 
Counter 













Interrupt 
Request Flag 
of Serial Inter- 
face 











Internal Bus Line (S1) 




















SR (8 bit) 


Serial Data Register Pi 


Internal Bus line (S2) 














R42/SO 
Port 
Ox 


(A) s 





Figure 9. Serial Interface Block Diagram 
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Initialize the serial interface by the write 
signal to the serial mode register when the 
operation mode is changed. 


Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 

The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface is put into this state in one of 
two ways: either by changing the operation 
mode through a change in the data in the 
port mode register, or by writing data into 
the serial mode register. In this state, the 
serial interface does not operate even if the 
transfer clock is applied. If an STS instruction 
is executed, the serial interface shifts to SCK 


waiting state. 

In this state the falling edge of the first trans- 
fer clock causes the serial interface shift to 
transfer state, while the octal counter counts 
up and the serial data register shifts simul- 
taneously. If the clock continuous output 
mode is selected, however, the serial inter- 
face stays in SCK waiting state while the 
transfer clock outputs continuously. 

The octal counter becomes 000 again after 8 
transfer clocks or execution of the STS 
instruction, so that the serial interface returns 
to SCK waiting state, and the serial interrupt 
request flag is set simultaneously. 

When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stcps 
after 8 clocks. 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


Table 7. Serial Mode Register 

SMR3_ R44, /SCK 

0 Used as R49 port input/output pin 

1 Used as SCK input/output pin 

Transfer Clock 
Prescaler System Clock 

SMR2 SMR1 SMRO R4,/SCK Port Clock Source Divide Ratio Divide Ratio 

O 0 0 aes Prescaler + 2048 + 4096 
Output 

0 O 1 ocr Prescaler + 512 + 1024 
Output 

@) 1 0) aC Prescaler + 128 ~ 256 
Output 
SCK ; : 

O 1 1 Output Prescaler ; 32 ; 64 
SCK : + 

1 8) 0 Output Prescaler : 8 : 16 
SCK : * 

1 O 1 Output Prescaler : 2 : 4 
SCK System = ai, 

m Output Clock 

1 1 1 SCK External _ _ 
Input Clock 
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Table 8. Serial Interrupt Request Flag Table 10. Serial Interface Operation 
Mode 


Serial interrupt Request Flag Interrupt Request 
O No SMR3 PMR1 


1 Yes 1 0 


Table 9. Serial Interrupt Mask 
Serial Interrupt Mask — Interrupt Request 
0) Enable 


1 Disable (Mask) 


Transfer 
Clock 


Serial 
Output 
Data 


Serial Input 
Data 
Latch Timing 


Serial Interface 


PMRO Operating Mode 


O 


Clock Continuous 
Output Mode 


Transmit Mode 
Receive Mode 


Transmii/ Receive 


Mode 





Figure 10. Serial Interface I/O Timing Chart 


Change PMR means the change of 
operation mode as below: 


Clock * Transmit Mode . 
Continuous * Receive Mode STS Waiting State 


Output Mode} | - Transmit/Receive Octal Counter =000 
faa Clock nana 


Transfer Clock 


SCK Waiting State 
8 Transfer Clocks, 
STS Instruction 


(IFS—1) 


(Octal Counter = 000) 


Change PMR* 


Transfer State 


(Octal Counter #000) 





Figure 11. Serial Interface Operation State 
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Example of Transfer Clock Error Detec- 
tion: The serial interface functions abnor- 
mally when the transfer clock is disturbed by 
external noise. In this case, transfer clock 
error can be detected by the procedure 
shown in figure 12. 

If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts as the following sequence: 
first, transfer state, second, SCK waiting state 
and third, transfer state again. The serial 
interrupt flag should be reset before entering 
into the STS state by writing data to SMR. 
This procudure causes the serial interface 
request flag to be set again. 


Timer 


The MCU contains a prescaler and a timer/ 
counter (timer A, timer B, figure 13) whose 
functions are the same as HMCS404C’s. The 
prescaler is an 11-bit binary counter, timer A 
an 8-bit free-running timer/counter, and 
timer B is an 8-bit auto-reload timer/event 
counter. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 


Transmit/Receive 
(IFS<-1) 


Interrupt 
Disable 


Write to 
SMR 





count up the system clock signal as soon as 
the RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer A, timer B, and the serial inter- 
face. The prescaler divide ratio is selected by 
the timer mode register A (TMA), timer mode 
register B (TMB), and serial mode register 
(SMR). 


Timer A Operation: After timer A is initial- 
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A counts up to 
$FF, timer A is set to $00 again, and gener- 
ates an overflow output. This sets to timer A 
interruput request flag (IFTA: $601, bit 2) ta1 
Therefore, this timer can function as an 
interval timer periodically generating over- 
flow output at every 256th clock signal input. 
The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 


Transfer Clock 
Error Processing 


Figure 12. Example of Transfer Clock Error Detection 
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signal to timer B, select R33/INT, as INT, and 
set the external interrupt mask (IM1) to pre- 
vent an external interrupt request from oc- 
curring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. Then, if the auto-reload 
function is selected, timer B is initialized to 
the value of the timer load register. If it is not 
selected, timer B goes to $00. The timer B 
interrupt request flag (IFTB: $002 bit 0) will 
be set at this overflow output. 


Timer Mode Register A (TMA: S008): The 
3-bit write-only timer mode register A con- 
trols the prescaler divide ratio of timer A 
clock input, as shown in table 11. 

The timer mode register A is initialized to $0 
by MCU reset. 


Timer Mode Register B (TMB: $009): The 
4-bit write-only timer mode register B (TMB) 
selects the auto-reload function, the prescaler 
divide ratio, and the source of the clock input 
signal, as shown in table 12. The timer mode 
register B is initialized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Timer B should be 
initialized by writing data into the timer load 
register after the contents of TMB are chan- 
ged. Configuration and function of timer 
mode register B is shown in figure 14. 


Timer B (TCBL: SOOA, TCBU: SOOB, TLRL: 
SO0OA, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each has a 
low-order digit (TCBL: $00A, TLRL: $00A) and 
a high-order digit (TCBU: $00B, TLRU: $00B) 
(figure 2). 


The timer/event counter can be initialized by 





Timer Mode Register B 


TMB (4 bit) 
(D>) Timer B MPX 





Timer A MPX 


3 


TMA (3 bit) 


Timer Mode Register A 


Nit] oO] 
ole dete dete dete del 


TLR (8 bit) 
Timer Load Register 





Internal Bus Line ($1) 


TL (4 bit) 4 
Timer Latch 

REG. 
=] 


TCB (8 bit) TBOF IFTB 
Timer/Event Counter B 


Interrupt 
Request Flag 
of Timer B 


sf 


Internal Bus Line _ ($2) | 


TCA (8 bit) 
Timer Counter A 


Interrupt 


Request FiAg 
of Timer A 


Figure 13. Timer Block Diagram 
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writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 


Timer A Interrupt Request Flag (IFTA: 


$001 bit 2): The timer A interrupt request 
flag is set by the timer A overflow output 


Table 11. Timer Mode Register A 


TMA2 TMA1 TMAO Prescaler Divide Ratio 








O 0 0 + 2048 

0 0 1 + 1024 

.@) 1 0 a 512 

O 1 1 + 128 

1 0 O = 32 | 

1 0) 1 = 8 oe 
1 1 0 = 4 


(table 13). 


Timer A Interrupt Mask (IMTA: $001 bit 
3): Timer A interrupt mask prevents an 
interrupt request generated by the timer A 
interrupt request flag (table 14). 


Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 15). 


Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
the timer B interrupt request flaq (table 16). 


Table 12. Timer Mode Register B 


TMB3 Auto-reload Function 
O No 
1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 





0 0 0 + 2048 
0 0 1 = 512 —_ 
0) 1 0 = 128 
O 1 1 = 32 
1 O 6) = 8 
1 O 1 = 4 
4 1 0 = 2 a 


INT, (External Event Input) 
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Table 13. Timer A Interrupt Request 


Flag 


Timer A Interrupt 
Request Flag 


O No 


1 Yes 


Table 14. Timer A Interrupt Mask 


Timer A Interrupt Mask Interrrupt Request 


0 Enable 


1 Disable (Mask) 


PMR: $004 


TMA: $008 


<I TMA2 | TMA1] TMAO 


Interrupt Request 





Table 15. Timer B Interrupt Request 
Flag 


Timer B Interrupt 
Request Flag Interrupt Request 
0 No 


1 Yes 


Table 16. Timer B Interrupt Mask 
Timer B Interrupt Mask Interrupt Request 
0 Enable 

1 Disable (Mask) 


SMR: $005 


SMR3 | SMR2 suns SMRO 
te ee ered 


be Transfer clock selection 


R4,./SCK pin mode selection 





R4,/SO pin mode selection 
R4,/SI pin mode selection 
R32/INTo pin mode selection 


R33/INT; pin mode selection 


TMB: $009 


re | rea] re aso] 
; Wo __, 
| La Timer B input clock selection 
Auto-reload function selection 


Timer A input clock selection 


Figure 14. Mode Register Configuration and Function 
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Input/Output 


The MCU has 36 I/O pins, 12 standard and 24 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
pull-up MOS (NMOS open drain). One of two 
circuit types can be selected for each high- 
voltage pin: with pull-down MOS and with- 
out pull-down MOS (PMOS open drain). Since 
the pull-down MOS is connected to the 
internal Vyisp line, Vaisp must be selected for 
the RAj/Vgisp Pin via mask option when at 
least one high-voltage pin is selected as with 
pull-down MOS. See table 17 for I/O pin cir- 


cuit types. 


When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected as specified in table 18. 


Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
figure 15 is used to shorten rise time of out- 
put. 


When the MCU executes an output instruc- 
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 , a high output 
level is maintained by the pull-up MOS (C). 


When the HLT signal becomes O in stop 
mode, MOS (A) (B) (C) turn off. 


D Port: The D port I/O port has 15 discrete I/ 
O pins, each of which can be addressed in- 
dependently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc- 
tions. See table 17 as for the classification of 
standard pin, high-voltage pin, and the I/O 


pin circuit types. 


R Ports: The six R ports in the HMCS424 are 
composed of 16 I/O pins, 4 output-only pins, 
and 1 input-only pin. Data is input through 
LAR and LBR instructions and output 
through LRA and LRB instructions. The MCU 
will not be affected by writing into the input- 
only and/or non-existing ports, while invalid 
data will be read from the output-only and/or 
non-existing ports. 


The R32, R33, R49, R4;, and R42 pins are multi- 
plexed with the INT), INT,, SCK, SI, and SO 
pins respectively. See table 17 as for the clas- 
sification of standard pins, high-voltage pins 
and selectable circuit types of these I/O nins. 


Unused I/O Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 


High-voltage pins: select without pull-down 
MOS (PMOS open drain) via mask option and 
connect to Vcc on the printed circuit board. 


Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 


R4,/SCK and R4,/SO should be set to R4y) and 
R4, by serial mode register and port mode 
register respectively. 


Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tpc for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 


Table 19 shows the parts initialized by MCU 
reset, and the status of each. Table 20 shows 
how registers recover from stop mode. 
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Table 17. I/O Pin Circuit Types 


Without pull-up MOS With pull-up MOS Applicable 
(NMOS open drain) (A) (B) pins 


Standard Pins 


HLT Input 
data 
HLT 


Table 17. I/O Pin Circuit Types (Cont) 


Without pull-down MOS Applicabl 
ee With pull-down MOS (E) site oe 
(PMOS open drain) (D) pins 





High Voltage Pins 





Input HLT Input RA 
Pins © D data } 
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Table 17. 


Standard Pins 


1/O 
Common 
Pins 


Output 
pins 


Input 
Pins 


HMCS424C /HMCS424CL/HMCS424AC 


I/O Pin Circuit Types (Cont) 


Without pull-up MOS (NMOS open drain) Applicable 
With pull-up MOS (B 
or CMOS (A or C) lad a as pins 


SCK 







SCK 











HLT + 
mode select SCK (Note 2) 
(Output mode) 


HLT +mode select 


w——-internal SCK an 
ee op =e internal SCK 
Vcc Vec Vec 
oe HLT 
SO 
sO SO 


(Input mode) 





Note: 1. In the stop mode, HLT signal is 0, HLT signal is 1 and I/O pins are in high impedance state. 


2. If the MCU is interrupted by serial interface in the external clock input mode, the SCK 
terminal becomes input only. 
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Table 18. Data Input from Input/Output Common Pins 


1/O Pin Circuit Type Input Possible Input Pin State 
Standard Pins CMOS No Sa 
Without pull-up MOS Yes 1 
(NMOS open drain) 
With pull-up MOS Yes 1 OO 
High Voltage Pins Without pull-down MOS Yes 0 


(PMOS open drain) 
With pull-down MOS Yes O 






\ Write pulse 
(Output 


instruction) 





Pull-up MOS (C) PMOS (B) 





HLT 


NMOS (A) 





On Resistance Value 
mos 
Buffer HMCS424C, HMCS424AC 
approx. 2500 approx. 1 kQ 
ae approx. 1 kO approx. 1.7 kQ 


C approx. 30k to 160 kN approx. 60 k0 to 1 MQ (V,, = 3 V) 
| (Veg = 5 V) approx. 30 kG to 160 kA (Vee = 5 V)_ | 







1 Instruction cycle 


Output instruction execution 
Write pulse ee i ee 


Figure 15. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Table 19. Initial Value After MCU Reset 
Initial Value by 
Items MCU Reset Contents 
Program Counter {PC} $0000 Execute program from the top ROM address 
‘Satu (ST) 1 Enable to branch with conditional branch 
instructions 
Stack Pointer (SP) $3FF Stack level is O 
‘V/OPin Standard Pin Without Pull- 4 Enable input SO 
Output Register Up MOS 
With Pull- - 1 a Enable input 
Up MOS 
CMOS 1 — 
High Voltage Without Pull- O Enable tnput 
Pin Down MOS 
With Pull- O Enable input 
Down MOS 
Interrupt Flag Interrupt Enable Flag (1/E) O Inhibit all interrupts 
Interrupt Request Flag (IF) 0 No interrupt request 
Interrupt Mask (IM) 1 Mask interrupt request 
Mode Register Port Mode Register (PMR) 0000 See port mode register 
Serial Mode Register (SMR) OOOO See serial mode register 
Timer Mode Register A (TMA) OOO See timer mode register A 
Timer Mode Register B (TMB) OOOO See timer mode register B 
Timer/Counter Prescaler $000 = 
Timer/Counter A (TCA) $00 ois 
Timer/Event Counter B (TCB) $00 ons 
Timer Load Register (TLR) $00 — 
Octal Counter 000 = 
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able 20. 


item 

Carry 
Accumulator 

B Register 

W Register 
X/SPX Registers 
Y/SPY Registers 


Serial Data Register 


RAM 


(CA) 

(A) 

(B) 

(W) 
(X/SPX) 
(Y/SPY) 
(SR) 


Initial Value after Stop Reset 


After Recovering from Stop 
Mode by MCU Reset 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 


The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 


© HITACHI 


After MCU Reset (Non-Stop 
Mode) 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 
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Internal Oscillator Circuit 


Figure 16 outlines the internal oscillator cir- 
cuit. Through mask option, either crystal os- 
cillator or ceramic filter oscillator can be 
selected as the oscillator type. Refer to table 
22 for selection of the type. In addition, see 


Oscillator 
(Selectable 
with mask 
options) 


Divider 

circuit 

(Mask Option 
Selectable) 





figure 17 for the layout of the crystal or 
ceramic filter. In all cases, external clock 
operation is available. Two divide ratios, 1/8, 
and 1/4, are selectable via mask option (table 
21). 


Timing 


generator 
circuit 


Figure 16. Internal Oscillator Circuit 


Table 21. Internal Oscillation Circuit 
Mask Option 








HMCS HMCS HMCS WV p 
424C 424CL 424AC SSN 
Divider 1/8 O S = 

1/4 'e. — 'S 4 
Oscillator Crystal © O O 0 

Ceramic © © O NS 

Figure 17. Layout of Crystal and 
Ceramic Filter 
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Table 22. Examples of Oscillator Circuits 


Circuit Constants 













Circuit Configuration 






External 
Clock 
Operation 


Oscillator 










OSC, 





Open—OSC2 



















Ceramic Ceramic filter Ceramic filter Ceramic filter 







































Filter C CSA 4.00MG CSA 2.000MK CSA4.00MG 
Oscillator Ceranic CSA 2.000MK (Murata) (Murata) 
(Murata) Rr: 1 MQ + 20% Re: 1 MQ + 20% 
c Re: 1 MQ + 20% C,: 30 pF + 20% C,: 30 pF + 20% 
ONY C,: 30 pF + 20% C5: 30 pF + 20% Cy: 30 pF + 20% 
: 30 pF + 20% 





























| Crystal 
Oscillator 


> 1 MQ + 20% 
C,: 10-22 pF + 20% 
Cy: 10-22 pF + 20% 
Crystal: equivalent to 
circuit shown 

Co: 7 pF max. 

R,: 100 QO max. 
f:1.0-—4.5 MHz 


Re: 1 MQ + 20% 
C,: 10-22 pF + 20% 
Cy: 10-22 pF + 20% 
Crystal: equivalent to 
circuit shown 

Co: 7 pF max. 

Rs: 100 2 max. 
f:1.0-4.5 MHz 


Cc 
Crystal 
Cc 


GND 


AT cut parallel 
resonance crystal 


Osc + L Gy Re pose 


Co 










Re: 2 MQ + 20% 
Cy: 10-22 pF + 20% 
Crystal: equivalent to 
circuit shown 

Co: 7 pF max. 

R,: 100 O max. 
f:1.0-2.25 MHz 






















GT cut parallel 
resonance crystal 


osc} L crm P08 
Co 


Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended by 
the crystal or ceramic filter maker. The circuit parameters are changed by crystal, ceramic 
filter resonator, and the floating capacitance in designing the board. In employing the 
resonator, please consult with the engineers of the crystal or ceramic filter maker to deter- 
mine the circuit parameter. 


2. Wiring between OSC;, OSC2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 17). 
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Operating Modes 
Low Power Dissipation Mode 


The MCU has two low power dissipation 
modes, standby mode and stop mode (table 


tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 


clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 


23). Figure 18 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 





Table 23. Low Power Dissipation Mode Function 








Timer/ 
Low Power Input/ Counter, 
Dissipation Oscillator Instruction Register, Interrupt Output Serial Recovery 
Mode Instruction Circuit Execution Flag Function RAM Pin Interface Method 
Standby mode SBY Active Stop Retained Active Retained Retained Active RESET 
instruction (Note 3) input, 
interrupt 
request 
Stop mode STOP Stop Stop RESET Stop Retained High Stop RESET 
instruction (Note 1) impedance input 
(Note 2) 


Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 19 for the contents of the flags and registers. 

2. A high-voltage pin with a pull-down MOS is tied to the Viisp power supply through the pull-down MOS. As the pull-down MOS 
stays on, a pull-down current flows when a difference between the pin voltage and the Vdisp voltage exists. This is in addition 
to the current dissipation in stop mode (Istop)- 

3. As an I/O circuit is active, an |/O current may flow, depending on the state of !/O pin in standby mode. This is in addition to 
the current dissipation in standby mode. 


Active 


Standby 


© 
i 
-_ 
Liu 
” 
Liu 
o 





Figure 18. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 


Figure 19 shows the flowchart of the standby 
mode. 


Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 20, 
reset input must be applied at least to tac for 
oscillation to stabilize. (Refer to AC Charac- 
teristics table.) After stop mode is cancelled, 
RAM retains the state it was in just before the 
MCU went into stop mode, but the accumu- 
lator, B register, W register, Y/SPY registers, 
and carry may not retain their contents. 





SBY 


Oscillator Active 
Peripheral Clocks 
Active 

All Other Clocks 
Stop 





Restart 
Processor Clocks 








(A) (B) 
Execute 
reat MCU 


Restart 
Processor Clocks 


Interrupt 
Accept 


















Figure 19. MCU Operating Flowchart in Standby Mode 
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RAM Addressing Mode 


As shown in figure 21, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 22. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC;3 to PCy) with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


| Stop mode | 
Pec WN UTIAUUATAGVOARVTANAVVESOOAAOOOTTAYOTHAAGALU UAT 


=i | 
Internal clock 


RESET a wa 


STOP instruction execution 


When BR is on a page boundary (256n + 255) 
(figure 23), executing a BR instruction trans- 
fers the PC contents to the next page accord- 
ing to the hardware architecture. Conse- 
quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 
pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low-order six bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PC,3 to 
PCe6). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 24). When bit 8 in the ROM 
data is 1, 8 bits of ROM data are written into 
the accumulator and B register. When bit 9 is 
1, 8 bits of ROM data are written irto the R1 
and R2 port output register. When both bits 8 
and 9 are 1, ROM data are written into the 
accumulator and B register and also to the R1 
and R2 port output register at the same time. 


The P instruction has no effect on the pro- 
gram counter. 


| tres | 


(more than stabilization time: trc) 





Figure 20. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 
FTO fn ee 


Register Indirect Addressing 













RAM Address 





Instruction a ee Word Instruction 2nd Word 





RAM Address | APg| APs ‘AP APe el are] ar] ara] a [are 


Direct Addressing 


Instruction 





RAM Address 





ir)? yepedt tt 
ESS ESOS eS TES 


Memory Register Addressing 





Figure 21. RAM Addressing Mode 
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Instruction 1st Word Instruction 2nd Word 








Program Counter ]|PCi3 PC12 PC11 PCio PCg PCg PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Current Page Addressing 


Instruction 





Program Counter }PCi3PC12PC11 PC1o0 PCa PCe PC7 PCe PCs PCa PC3 PC2 PCi PCo 


Zero Page Addressing 


Instruction 








Accumulator 





Azs Az Ai Ao 







Program Counter|PCi3PC12 PC11PCio PCs PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Table Data Addressing 


Figure 22. ROM Addressing Mode 
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BR AAA 


AAA NOP 


256n+254 
256n+255 
256(n+1) 


BBB NOP 





Figure 23. BR Instruction Branch Destination on Page Boundary 


sb] et 


B Register Accumulator 


| ae REELED 
B3 Az Az Ai Ao 


Referred ROM Address |RAi3 RAi2 RA1:RAi0oRAs RAs RA7 RAs RAs RAg RA3 RA2 RA: RAo 


Address Designation 


L ' t 
ROM Data [Ros ROs RO, ROs ROs ROs ROs RO2 RO: ROo| 
py y ¥ f y ¥ 


Accumulator, B Register{|B3 Be Bi: Bo]|A3 A2 Ar 


ROM Data 


Output Register R1, R2 [R23 R22 R21 R20]R13 R12 R11 Rlo| if ROo=1 


Pattern 





Figure 24. P Instruction 
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The HMCS424C/CL/AC provide 99 instruc- 
tions which are classified into 10 groups as 


follows: 
Immediate instruction 
RAM address instruction 


RAM register instruction 
Arithmetic instruction 


TP GN 


Table 24. Immediate Instructions 


Register-to-register instruction 


6. Compare instruction 
7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 
10. Control instruction 


Tables 24-33 list their functions, and table 34 
is an opcode map. 


Operation Mnemonic 
Load A from Immediate LAI i 

Load B from Immediate LBIi 

Load Memory from LMID i,d 
Immediate 

Load Memory from LMIY i 


Immediate, Increment Y 


Table 25. Register-to-Register Instructions 


Operation Mnemonic 
Load A from B LAB 

Load B from A LBA 

Load A from Y LAY 

Load A from SPX LASPX 
Load A from SPY LASPY 
Load A from MR LAMR m 
Exchange MR and A XMRA m 





Words/ 
Operation Code Function Status Cycles 
10050: A gig ip Tg. eA 1/1 
1000 0 0 ig in i; ig iB 1/1 
01101 O ig iy iy ig iM 2/2 
dg dg dy dg dg dy d3 dy d, do 
1901.00" Ti ignig agtig, IO MAY t1>¥ NZ 1/1 

Words/ 
Operation Code Function Status Cycles 
0001001000 B=A 1/1 
00110031000 A+B 1/1 
0010101111 YA 1/1 
0001%10%1000 SPX +A 1/1 
0001011000 SPY +A 1/1 
1001 1 1 mmmm MRi(m)-A 1/1 
ae eee MR(m) - A 1/1 
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Table 26. RAM Address Instructions 





Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load W from Immediate LWI i 0011110 0 iy ig er 1/1 
Load X from Immediate LXI i 100 0 1 O ig ig 11 ip t-* X 1/1 
Load Y from Immediate LY1 i 1000 0 1 ig ig 1 ip iY 1/1 
Load X from A LXA 0011103131000 A~-X Wt 
Load Y from A LYA 0011011000 AY 1/1 7 
Increment Y lY 0001011100 ¥+1-Y NZ 1/1 
Decrement Y DY 0011031113114 4% #Y-1-Y NB 1/1 
Add A to Y AYY 0001010100 YtA~Y OVF 1/1 
Subtract A from Y SYY 00 1 1 OT 20) Te OO CYS Ae NB 1/1 —_ 
Exchange X and SPX XSPX 0000000001 X-+ SPX 7 ie 
Exchange Y and SPY XSPY 0000000010 Y-+ SPY Wt 
Exchange X and SPX,Y XSPXY 00000000 1 1° X-SPX, Y~SPY 1/1 
and SPY 
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Table 27. RAM Register Instructions 


Operation 
Load A from Memory 


Load A from Memory 


Load B from Memory 
Load Memory from A 


load Memory from A 


Load Memory from A, 
Increment Y 


Load Memory from A, 
Decrement Y 


Exchange Memory and A 


Exchange Memory and A 


Exchange Memory and B 


Mnemonic 
LAM(XY} 


LAMD d 


LBM(XY) 
LMA(XY) 


LMAD d 


LMAIY(X) 


LMADY(X) 


XMA(XY) 


XMAD d 


XMB(XY) 


Operation Code 


6-0: 1 0:0. 1°O) 0: yi. & 


0110010000 
dg dg dz dg ds dg d3 do d; do 
000100 00 y x 
00100101 y x 


01100310100 


000101000 x 


001101000 x 


00100000 y x 


0110000000 
dg dg d7 dg dg dg d3 dy dy do 


00110000yx 


Function 
M-A, (X-SPX, Y-SPY) 


M--A 


M--B, (X-SPX, Y~SPY) 
A-M, (X-SPX, Y-SPY) 


A-M 


A--M, Y+1~Y (X—SPX) 


A~M, Y-1-+¥ (XSPX) 


MA, (X-SPX, Y-SPY) 


M-A 


M-—B, (X~SPX, Y-SPY) 


Status 


NZ 


NB 


Words/ 
Cycles 


1/1 
2/2 


1/1 
1/1 


2/2 


1/1 


1/1 


1/1 


2/2 


1/1 





Note: 
(1) 


(XY) and (X) have the following meaning: 
The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 


LAM (XY) is given, below). 


Mnemonic 
LAM 
LAMX 
LAMY 
LAMXY 


(2) 


y x 
0 O 
O 1 
1 0 
1 1 


Function 


X + SPX 
Y = SPY 
X—-SPX, YoSPY 


LMAIY(X) is given below). 


Ninemonic 
LMAIY 
LMAIYX 


x 
O 
1 


Function 


X + SPX 


@ HITACHI 


Hitachi America Ltd. Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 


903 





HMCS424C/HMCS424CL/HMCS424AC 





Table 28. Arithmetic Instructions 


Operation 
Add Immediate to A 


Increment B 
Decrement B 
Decimal Adjust for Addition 
Decimal Adjust for Subtraction 
Negate A 
Complement B 
Rotate Right A with Carry 
Rotate Left A with Carry 
| Set Carry 
Reset Carry 
Test Carry 
Add A to Memory 


Add A to Memory 


Add A to Memory with Carry 


Add A to Memory with Carry 


Subtract A from Memory 
with Carry 


Subtract A from Memory 
with Carry 


OR A and B 
AND Memory with A 


AND Memory with A 


OR Memory with A 


OR Memory with A 


EOR Memory with A 


EOR Memory with A 


Note: | : Logical AND 
U : Logical OR 


@ : Exclusive OR 


Mnemonic 


Al i 


NEGA 
COMB 
ROTR 
ROTL 
SEC 


REC 


AM 


AMD d 


AMC 


AMCD d 


SMC 


SMCD d 


OR 
ANM 


ANMD d 


ORM 


ORMD d 


EORM 


EORMD d 


10 1 


o;o;1r1o;o;y;yo;o;}rnryToy;o}]}o!]oy|]o 


oO;OoO;oOo;o;oOo};o};}o!;}o};}Toyojyo}yo}]o 
oO; oO; © 


a. 
© 
o > 
a 
N 


(o) 
io) 
io) 


010 


0 0 


o) 
OoO1o;}o;roa;jo;jo;o;o;o;o;yo]o 


0 0 
0 0 


Operation Code 


(e) 


—_ 


O;}Oo;]0O; 0 


1 


1 


1 


0 


010 


Oo;}Oo!]0O; 0 


oe) 


1 
0 
0 


oO 


O;}o!;]o;o;o 


0 
0 


dg ds dy d3 dy dy do 


00 1 


00 1 


1 


1 


O 


0 


O 


0 


O 


O 


dg dg dz dg ds dy d3 dz dy do 


00 1 


O 1 1 


00 1 


00 1 


1 


1 


O 


O 


6) 


0 


0 


0 


dg dg dz dg ds dy d3 dy d, do 


010 
00 1 


0 71 7 


1 0 
00 1 


0 0 1 


1 


a 


0 O 1 


1 


4 
| 


6) 
0 


nn 
U 


6) 
0 


An 


U 


dg dg dy dg dg dy d3 dy d, do 


00 0 


0 1 0 


000 


000 


1 


1 


1 


1 


O 


O 


O 


O 


dg dg dz dg ds dy d3 dy d, do 


000 


010 


00 1 


00 1 


1 


1 


1 


10 


0 


0 


0 


dg dg dz dg ds dy d3 do dy do 
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Function 


Ati-A 


B+1-B 


B-1-8 


1—+CA 


0 *>CA 


M+A-A 


M+A-—A 


M+A+CA—-A 


OVF-CA 


M+A+CA-A 


OVF-CA 


M-A-CA—A 


NB-CA 


M—-A-CA~A 


NB-CA 
AUB-A 
ANM-A 


ANM-A 


AUM-A 


AUM-A 


A®M-~-A 


A®M-A 


CA 
OVF 


OVF 


OVF 


NB 


NB 


Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


2/2 


1/1 


2h 2 


1/1 


Zhe 


1/1 
2/2 


1/1 


2/2 
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Table 29. Compare Instructions 


Operation 


immediate Not Equal 
to Memory 


immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory 


B Not Equal to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


Immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate 


Mnemonic 


INEM i 


INEMD i,d 


ANEM 


AMEMD d 


BNEM 
YNEI i 


ILEM i 


ILEMD i,d 


ALEM 


ALEMD d 


BLEM 


ALE i 


Operation Code 


0000 1 O ig ig iy 


01001 O iz ip iy i 


dg dg dz dg ds dg dg dp dy 
000000010 


01000001 0 


dg dg d7 dg dg Gy d3 Go Gy 
000100070 
O00  F.4 ag ip. i 


0000 1 1 ig ig iy 


01001 1 ig ig iy 
dg dg dy dg ds dy d3 do d, 
000001010 


010001010 
dg dg d7 dg de dy d3 dp dy 
001100010 


120.4. 0. FA iets i, 


Table 30. RAM Bit Manipulation Instructions 


Operation 


Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 


Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 


Ninemonic 


SEM n 


SEMD n,d 


REM n 


REMD n,d 


TMD n,d 


Operation Code 


00100001" % 


011000014, 
dg dg d7 dg de dy d3 do d; 


00100010n, 


0110001 0n, 
dg dg dz dg ds dg dy dp dy 


00100011n% 


011000114, 
dg dg d7.dg ds dy d3 dy d, 
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Function 


i#M 


> 
IA 
= 


Function 
1 — M(n) 


1 — M(n) 


O —M(n) 


O ~— Min) 


Status 


NZ 


NZ 


Status 


M(n) 


M(n) 
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Words/ 
Cycles 


i/1 


2/2 


1/1 


2/2 


1/1 
1/1 


1/1 


2/2 


1/1 
2/2 


1/1 
1/1 


Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


/1 


2/2 
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Table 31. ROM Address Instructions 





Words/ 
Operation Mnemonic Operation Code Function Status _ Cycles 
Branch on Status 1 BR b 1 1 b7 bg bs by bg bg b, bg 1 1/1 
Long Branch on Status 1 BRL u 010 1 1 1 pg PoP; Po 1 2/2 
dg dg d7 dg ds dg d3 do dy do 
Long Jump Unconditionally JMPLu 010 1 0 1 pg Po Py Po 2/2 
| dg dg dz dg ds dy d3 do dy do 
Subroutine Jump on Status 1 CAL a O 1 1 1 as ag a3 ag a; AC 1 1/2 
Long Subroutine Jump on CALL u 010 1 1 O p3 Po Pi Po 1 2/2 
Status 1 dg dg dz dg ds dg d3 dg d; do 
Table Branch TBR p 001 0 1 1 p3Pp2 Pi Po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 000001000 1 1 -I/E ST 1/3 
CA Restore 
Table 32. Input/Output Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete I/O Latch SED 001110010 0 1 — D(Y) 1/1 
Set Discrete 1/O Latch Direc SEDDm 101 11O0mmm mm 1 — D(m) WA 
Reset Discrete 1/O Latch RED 000110010 0 0 — D(Y) 1/1 
Reset Discrete |/O Latch Direct REDD m 10011 O0mmm mm 0 - D(m) 1/1 
Test Discrete I/O Latch TD 00131100000 D(Y) 1/1 
Test Discrete !/O Latch Direct TDD m 10101 Ommm m D(m) 1/1 
Load A from R Port Register LAR m 10010 i1mmm % R(m) ~ A 1/1 
Load B from R Port Register LBRm 10010 0mmm % Rim) ~ B 1/1 
Load R Port Register from A LRA m 10110 1m mm mM A — R(m) 1/1 
Load R Port Register from B LRE Mm 109011900 mm™ BR — R(m) 1/1 
Pattern Generation Pp 0110 1 1 pg Po Pi Po 1/2 
Table 33. Control Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 1/1 
Start Serial STS 0101001000 1/1 
Standby Mode SBY 0101001100 1/1 
Stop Mode STOP 010100110 1 1/1 





506 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


@ HITACHI 


HMCS424C/HMCS424CL/HMCS424AC 


Table 34. Opcode Map 


eo 
woln‘{o]1[2[3]4[s/6]7|slejalelelojelrlol1|2[3)4|s{s[7)slolalelclole| Fr. 


i 
it 
i 
it 
K 


0 | 

ILEMD i(4) 

EN 2 ee el el De 

ET ee el Snr 8 

el et ee: call : 
gk ea ia = ad eed a ee 









fom | 
ow 
Bs) 
= 
= 





~< 

> 
28 | 
< 


Mi 


Fi 
\ 
\ 


s 
< 
= 


Al i(4) 
TDD m(4) 
ALEl i(4) 
LRB m(4) 
LRA m(4) 
SEDD m(4) 
XMRA m(4) 


ee 2) ees Se) S/S) 9/6 sa Seles ees 
b 
, 
BSB 


Fea 


(_}--1-word/2-cycle [__}--1-word/3-cycle [ _]}--RAM Direct Address [ __|::2-word/2-cycle 
Instruction Instruction Instruction Instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 





item Symbol Value Unit Note 
Supply Voltage Vec -0.3 to +7.0 V 
Terminal Voltage Vr —-0.3 to Vec + 0.3 V 3 
Vec —- 45 to Vec + 0.3 V 4 
Total Allowance of Input Current = lo 25 mA 5 
Maximum Input Current lo 15 mA 7,8 
Maximum Output Current — lo 4 (2) mA 9, 10, 13 
6 (3) mA 9,11, 13 
30 (15) mA 9,12, 13 
Total Allowance of Output Current — 3 lo 85 (100) mA 6, 13 
Operating Temperature Tepe -20 to +75 °C 
Storage Temperature Tstg —-55 to +125 °C 
Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera- 
tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceeded, it may cause a malfunction or affect the reliability of LSI. 
2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input currents which flow in from all I/ 
O pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output currents which flow out from 
Vcc to all 1/O pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each I/O pin to GND. 
8. Do—D3, R3 and R4. 
9. Maximum output current is the maximum amount of output current from Vcc to each 1/0 
pin. 
10. Do—D3, R3 and R4. 
11. RO-R2. 
12. Da—Dia. 
13. — lo = 100 mA if — lo is equal to or less than 2 mA, 3 mA, or 15 mA. 
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Electrical Characteristics 


DC Characteristics 


(GND = OV, NWidisp = Vcc — 40 V to Vec, Ta = —20°C to +75°C, 
HMCS424C: Vcc = 3.5 Vto 6 V, 


HMCS424CL: Vec = 2.5 V to 6 V, 
HMCS424AC: Vcc = 4.5 V to 6 V) 


item 


Input High 
Voltage 


Input Low 
Voltage 


Output High 
Voltage 


Output Low 


Voltage 


Input/Output 
Leakage 
Current 


Current 


Dissipation in 


Active Mode 


Symbol 


Vin 


VoH 


1) yl 
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Pin 


RESET, SCK, 
R39/INTo, 
R3,/INT, 


S| 


OSC, 


RESET, SCK, 
R39/INTo, 
R3,/INT, 


Sl 


OSC, 


SCK, 
SO 


SCK, 
SO 


RESET,SCK, 
R32/INTo, 
R33/INT1, 
SI, SO, 
OSC, 


Vec 


Min Max 
0.8 Vec Vec + 0.3 
0.7 Vec Vec + 0.3 
Vec i O 5 Vec + 0.3 
Vec — 0.3 Vec + 0.3 
—0.3 0.2 Vcc 
=O 0.3 Voc 
~0.3 0.5 
-0.3 0.3 
Vec ~ 1.0 
Vec wae 0.5 

0.4 

1 

2 

0.7 

3.2 

@ HITACHI 


Unit 


<<) -Sh< 


uA 


mA 


mA 


mA 


Test Condition Note 


HMCS424C/AC 


HMCS424CL 


HMCS424C/AC 


HMCS424CL 


HMCS424C/AC; 
= low =1.0mA 


HMCS424C/AC; 
= lou = 0.5 mA 
HMCS424CL; 

= low =0O.3mA 


HMCS424C/AC; 
lor = 1.6mA 
HMCS424CL; 
lot = 0.4 mA 


Vi, = OV to Voc 1 


HMCS424C; Vec = 5V; 2,5 
fose = 4 MHz, + 8, or 

fos = 2 MHz, + 4 
HMCS424CL; Veg = 3V; 2-9 
fosc = 2 MHz, + 8 


HMCS424AC; Veg = BV; 2.5 
fose = 4 MHz, + 4 
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Item Symbol Pin Min Max 


Current 1.2 
Dissipation in 


Standby Mode 


Ispy Vec 


Unit 


mA 


mA 


Test Condition Note 


HMCS424C; Vee = BV; 3.9 
4 MHz, + 8, or 
osc = 2 MHz, + 4 


~ HMCS424CL; Veg = 3V; 3,5 


mA 


f = 2 MHz, + 8 


osc 


HMCS424AC; Veg = 5 V; 3-8 


0.5 
Ted: 
Current er Vee 10 
Dissipation in 
Stop Mode 
Stop Mode Vaiss Vec Z 


Retain Voltage 


uA 


Notes: 1. Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 


- MCU in reset state, operation mode 
-RESET, TEST: Vec 

-Do-D3, R3, R4: Vec 

: Da-Dia, RO-R2, RA: Vaisp 


foso = 4 MHz, + 4 


HMCS424C/AC; 4 
Vin(TEST) = Vec — 0.3 V to 
Vec; Vin(RESET) = OV 
to0.3 V 

HMCS424CL; 

V.,(TEST) = Voc - 0.3 V to 
Vec: Vin(RESET) = 0 V 
to0.2 V 


3. The timer/counter operates with the fastest clock. Input/output current does not flow. 


* MCU in standby mode 
- Input/output in reset state 
- Serial interface: Stop 
* RESET: GND 
- TEST: Vec 
af Do-D3, R3, R4: Vec 
: Da-Dia4, RO-R2, RA: Vaisp 
4. Excluding pull-down MOS current. 


5. When fosc = x MHz, estimate the current dissipation as follows: 
HMCS424C/AC; Max value @ x MHz = x/4 x (max value @ 4 MHz) 
HMCS424CL; Max value @ x MHz = x/2 xX (max value @ 2 MHz) 
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Input/Output Characteristics for Standard Pins 


(GND = OV, Vaiss =Vcc — 40 V to Vec, Ta = —20°C to +75°, 
HMCS424C: Vec = 3.5 V to 6 V, 
HMCS424CL: Vcc = 2.5 V to 6 V, 





HMCS424AC: Vcc = 4.5 V to 6 V) 
item Symbol! Pin Min Typ Max Unit 
Input High ViH Do-D3, 0.7 Vcc Ver + 0.3 V 
Voltage R3, R4 
Input Low Vit Do-D3, =0:3 0.3Vcc V 
Voltage R3, R4, 
Output High VoH Do-D3, Vec — 1.0 V 
Voitage R3, R4 
Do-D3, Vec — 0.5 V 
R3, R4 
Output Low VoL Do-D3, 0.4 V 
Voltage R3, R4 
Input/Output ti Do-D3, 1 uA 
Leakage Current R3, R4 
Pull-Up MOS —Ip Do-D3,. 30 60 150 uA 
Current R3, R4 
Do-D3, 3 15 50 uA 
R3, R4 . 


Notes: 1. !/O pins with CMOS output selected by mask option. 


Test Conditions 


HMCS424C/AC; 
— loo = 1.0mA 


HMCS424C/AC; 
— lon = 0.5 mA 
HMCS424CL; — Ioy = 0.3 mA 


HMCS424C/AC; Io, = 1.6 mA 
HMCS424CL; Io, = 0.4 mA 


Vin = OV to Vec 


Ver = 5 V, Vin = OV 


HMCS424CL only; 
Vec = 3 V, Vin = OV 


2. Pull-up MOS current and output buffer current are excluded. 


3. 1/0 pins with pull-up MOS selected by mask option. 
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ad 
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Input/Output Characteristics for High-Voltage Pins | 
(GND = OV, Vaiss =Vec — 40 V to Vec, Ta 


HMCS424C: Vcc = 3.5 V to 6 V, 
HMCS424CL: Vec = 2.5 Vto6V, 


-20°C to +75°, 











HMCS424AC: Vcc = 4.5 V to 6 V) 
item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin D4-Di4, O.7 Vec Ver + 0.3 V 
Voltage R1, R2, 
RA, 
Input Low VIL D4-D14, Vcc -— 40 0.3 Vcc Vv 
Voltage Ri, R2, 
RA; 
Output High VoH D4-Di4 Vec -— 3.0 V — lon =15 mA, 
Voltage HMCS 424 C/CL; 
Vec = 5V + 20% 
HMCS 424 AC; 
cc = 4.5 V to 6.0V 
Vec — 2.0 V — lop =10 mA, 
HMCS 424 C/CL; 
Vec = 5V + 20% 
HMCS 424 AC; 
Vec = 4.5 V to 6.0V 
a loH= 4mA 
HMCS424CL; 
— lon = 2.5 mA 
RO-R2 Vec = 3.0 V = IOH = 3 mA, 
HMCS 424 C/CL; 
Vec = 5V + 20% 
HMCS 424 AC; 
Vec = 4.5 V to 6.0V 
Vec - 2.0 V —- lon = 2 mA, 
HMCS 424 C/CL; 
Vec = 5V + 20% 
HMCS 424 AC; 
Vec = 4.5 V to 6.0V 
—- lon = 0.8 mA 
HMCS424CL; 
ie -— lon = 0.5 mA 
Output Low VoL Da-Dia, Vec - 37 v Vaisp = Vec ~ 40 V 1 
Voltage RO-R2 
D4-Di44, Vec ~ 37 Vv 150kQ to Vec — 40V 2 
RO-R2 
Input/Output I hid ~Da-Dia, 20 uA Vin = Vec — 40 V to Vec 3 
Leakage RO-R2, 
Current 7 RA, 
Current RO-R2, Vin = Vcc 
RA, 
Notes: 1. I/O pins with pull-down MOS selected by mask option. 
2. 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 
3. Pull-down MOS current and output buffer current are excluded. 
4. 1/0 pins with pull-down MOS selected by mask option. 
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AC Characteristics 


(GND = OV, Vaiss =Vec — 40 V to Vcc, Ta = —20°C to + 75°, 
HMCS424C: Vcc = 3.5 Vto 6 V, 

HMCS424CL: Vec = 2.5 Vto 6 V, 

HMCS424AC: Vcc = 4.5 V to 6 V) 




















Test 
item Symbol Pin Min Typ Max Unit Conditions Note 
Oscillation Frequency — fog¢ OSC;, OSC2 0.4 4 4.5 MHz HMCS424C; . 
divide by 8 
0.2 2 2.25 MHz HMCS424C; 
divide by 4 
0.4 2 2.25 MHz HiViCS424CL; 
divide by 8 
0.2 4 4.5 MHz HMCS424AC; 
divide by 4 
Instruction Cycle teye 1.78 2 20 uS HMCS424C 
Time 
3.55 4 20 us HMCS424CL 
0.89 1 20 us HMCS424AC 
Oscillator Stabiliza- tac OSC,, OSC2 20 ms HMCS424C/AC 1 
tion Time 
60 ms HMCS424CL 1 
External Clock tcPH, OSC, 92 ns HMCS424C; 2 
High, Low tcp divide by 8 
Level Width HMCS424AC; 
divide by 4 
203 ns HMCS424C¢; 2 
divide by 4 
HMCS424CL; 
divide by 8 


(continued) 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢« 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 513 


HMCS424C/HMCS424CL/HMCS424AC 





AC Characteristics (Cont) 





Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 
External Clock Rise t.p, OSC, | 20 ns 2 
Time 
External Clock Fall top, OSC, 20 ns 2 
Time 
INT 9 High Level tigy INTo 2 tive 3 
Width 
INT Low Level tg, INTo 2 are 3 
Width 
INT, High Level ty INT, 2 toa 3 
Width 
INT, Low Level ta, INT, 2 the 3 
Width 
RESET High Level tp.4,, RESET 2 tove 4 
. Width 
input Capacitance C All pins 15 pF f =1 MHz, 
Vin =OV 

RESET Fall Time taste 20 ms HMCS424C/AC 4 

15 ms HMCS424CL 4 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage (HMCS424C:3.5 V, HMCS424CL; 2.5 V, HMCS424AC; 4.5 
V) after power-on, or after RESET goes high. At power-on or stop mode release, RESET 
must be kept high for at least tac. Since tac depends on the crystal or ceramic filter’s circuit 
constant and stray capacitance, please get the manufacturer's advice when designing the 
RESET circuit. 

. See figure Z5. 

. See figure 26. 

. See figure 27. 


hWN 
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Serial Interface Timing Characteristics 


AT Transfer Clock Output 


(GND = OV, Vaiss = Veco — 40 V to Vec, Ta = —20°C to +75°C, 


HMCS424C: Vcc = 3.5 V to 6 V, 
HMCS424CL: Vcc = 2.5 V to 6 V, 
HMCS424AC: Vcc = 4.5 V to 6 V) 


Item 


Transfer Clock Cycle Time 





Transfer Clock High, 
Low Level Width 


Transfer Clock Rise, Fall Time 
Serial Output Data Delay time 


Serial Input Data Set-up Time 


Serial Input Data Hold Time 








Symbol Pin Min Typ 
ee SCK 1 
ann SCK 0.5 
iSCKL 
t SCK 
SCKr 
tsckt 
tpso sO 
fee S| 500 

1000 

300 
ihe S| 150 

500 

© HITACHI 


Max 


100 


300 


Unit 
toye 


tscyc 





ns 


ns 





300 


600 


250 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 





Test Condition Note 

1,2 

1,2 
HMCS424C/AC 1,2 
HMCS424CL 1,2 
HMCS424C 1,2 
HMCS424CL 1,2 
HMCS424AC V2 
HMCS424C 1 
HMCS424CL 1 
HMCS424AC 1 
HMCS424C/AC 1 
HMCS424CL 1 
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AT Transfer Clock Input 


item Symbol Pin Min Typ Max Unit Test Condition Note 


Transfer Clock Cycle Time tscye SCK 1 fie 1 
Transfer Clock High, tsckH SCK 0.5 tei 1 
Low Level Width tscKL 
Transfer Clock Rise, Fall Time iene SCK 100 ns HMCS424C/AC 1 
r 
'sckt 300 ns HMCS424CL 1 
Serial Output Data Delay Time toso SO 300 ns HMCS424C 1,2 
600 ns HMCS424CL 1,2 
250 ns HMCS424AC 12 
Serial Input Data Set-up Time tss| S! 500 ns HMCS424C 1 
1000 ns HMCS424CL 1 
300 ns HMCS424AC 1 
Serial Input Data Hold Time tsi S| 150 ns HMCS424C/AC 1 
500 ns HMCS424CL 1 
Notes: 1. See figure 28. 
2. See figure 30. 
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HMCS424C/HMCS424CL/HMCS424AC 


HMCS424C/AC 





HMCS424CL 





tcpr tcpr 


Figure 25. Oscillator Timing 


tion, ti tiot, tt 





Figure 26. Interrupt Timing 





Figure 27. Reset Timing 
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HMCS424C/AC 


tscyc 


tscKxL 


tscxt tscxr 
SCK Vec —2.0 V (0.8 Vec) * F 
0.8 V (0.2 Vec) « 


*Vcec—2.0V and 0.8 V are the threshold voltage for transfer clock output. 
0.8Vcc and 0.2Vcc are the threshold voltage for transfer clock input. 





Figure 28. Timing Diagram of Serial Interface 


HMCS424CL 


tseyc 


tscx¢ tsckr 
Vec—0.5V (0.8V cc) = , F 


tscKt 
0.4V (0.2Vcc) * 


tssi tus! 
/ \ O.7Vec / 


¢ j { 0.3v6c L \ 
*“Vcc—0.5V and O.4V are the threshold voltage for transfer olock output. 
0.8Vcc and 0.2Vcc¢ are the threshold voltage for transfer clock input. 





Figure 29. Timing Diagram of Serial Interface 


Voc 


R.=2.6 kQ 


182074 
or Equiv. 





Figure 30. Timing Load Circuit 
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SSSR oo 5G 

Ey 
Toe eee 
[ons en, 
1 80) 050) 











a 











1/O Option 


See 
> 





























Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 


= ™ ™~sS ANS ~~ ne = = Sa 








Note: !/O options masked by & are not available. 


nput/Output 
nput/Output 
nput/Output 
nput/Output 


Output 
Output 
Output 
Output 
nput 
nput 
nput 
nput 
nput 
Input 
Input 
nput 











Hitachi's entry) 




















LS! Type Number 


Date of Order 
ROM Code Name 
( 


Customer 


De 
ee 
qgccg2o0s2 
SOC RRC 


re] 
a 





pm Input/Output 
ROo 
RQ, 
RO2 
RO3 





B: With Pull-up MOS 
E: With Pull-down MOS 


pops 


Yj) 


jee EE 
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me 


\/O Option 


eee 
nput/Output +4 





olaolg ve ee 
sil¢tie¢ WV 
21 R| 2 — (AQ AWW 
Ssis|is 
cal oxi [ee ~ 5 S's) s;/s/s/slsisisls]s]s 
Ea ay ise a 2 2)}/2/2!/e2/2;2e2;8;8!]} 28); 8] 8; 2 
= 5 5/3; 5s;41 35; 5s/135!1 sist sis! s! 5 
ro) (@) o!:;1o;o;ro;o;o!;o;o;o];o;oy;sd 
= > Soe at 2s ak ee ne ee ae ee a 
5 > ee I > Tn i Ce Se ene OM: Aenea OE) (Aes SA) Soe: A) ay ess es Se Ge 
a Q QaQ;ijiaiaitagQagiatsytaysyssasatshbayyasyayjsya 
c {Jj£!/ £2; 2£;£/),£2£/£; £2©/);/£;,£!}£2£/£;/,;£;, £/,£;,E 











SUIlg PsepueIsS Suid aBeijo, YBip . 





Please enter O in applicable item to select !/O option. 
A: Without Pull-up MOS (NMOS Open Drain) 


C: CMOS (cannot be used as input) 








D: Without Pull-down MOS (PMOS Open Drain) 


*« Please enter check marks in [_| 
High Speed Operation: 


HMCS424C/CL/AC 
Mask Option List 


5V Operation: 
3V Operation: 
(1) 1/0 Option 
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(2) RA1/Visp 


Please check (Mf, X, \/) applicable item. 


RA1/Vuisp . 
|_| RA,: Without Pull-down MOS (D) 






LJ Vaisp 





Note: RA,/Vgisp has to be selected as Vyi,, pin exept the case 
that all high pins are option D. 


(3) Divider (Div) 


Please check (M, X, \/) applicable item. 














Divider HMCS424C | HMCS424CL | HMCS424AC 


(4) ROM Code Media 






\ 





Please check (MI, X, \/) applicable item. 


ROM Code Media 


(_] EPROM: Emulator Type 





i] EPROM: EPROM On-Package Microcom- 
| puier Type | 
(5) Oscillator (CPG option) 
Please check (Mf, X, \/) applicable item. 


CPG [J HMCS 424C 1) HMCS424CL LI- HMCS424AC 
option | (5V Operation) (3V Operation) (High Speed Operation) 


{|} Ceramic Filter {| Ceramic Filter [| Ceramic Filter 


[| External Clock [| External Clock [} External Clock 
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Description 


The HD614P180 is a 4-bit single chip microcomputer which 
has mounted a standard EPROM 2764/27128 for program 
memory. 

The HD614P180 is pin-compatible with the mask ROM type 
HMCS412C, but has some differences with it as shown in Table 
26. By modifying the program in the EPROM, it can be used 
for the evaluation of the HMCS412C or for small-scale produc- 
tion. 


® HARDWARE FEATURES 
@ 4-bit Architecture 
® Applicable to 4k or 8k words x 10 bits of EPROM 
2048 words x 10 bits 
4096 words x 10 nal ne HINIG2769, INZTCO4 
8192 words x 10 bits ..... HN4827128 
® Data Memory (RAM) Capacity ........ 576 digits x 4 bits. 
@ 36 1/0 Pins — 24 t/O pins are high voltage up to 40V (max.). 
@ 1 Timer/Counter 
11-bit Prescaler 
8-bit Auto-reload Timer/Event Counter (Timer B) 
@ 3 Interrupts 
External 2 
Timer/Counter 1 


@ Subroutine Stack 
Up to 16 levels including interrupts 
@ Minimum Instruction Execution Time; 1,33 ps 
@ 2 Low Power Modes 
Standby — Stops instruction execution while keeping 
clock generator and interrupt functions in- 
cluded Timer/Counter in operation 
— Stops instruction execution and 
generation while retaining RAM data 
@ Clock Generator 
External Connection of Crystal Resonator or Ceramic 
Filter Resonator (externally drivable) 
® Power Voitage Range; 5V + 10% 
@ 1/0 Pin Circuit Form 
All standard pins are “without pull-up MOS” 
All high voltage pins are “without pull-down MOS”. 
@ 42 Pin EPROM On-package 


Stop clock 


® SOFTWARE FEATURES 

Software Compatible with HMCS412/414 

® Instruction Set Similar to and More Powerful than HMCS40 
Series; 98 Instructions 

High Programming Efficiency with 10-bit ROM/Word; 78 
instructions are single word instructions. 

Direct Branch to All ROM Area 

Direct or Indirect Addressing to All RAM Area 

Subroutine Nesting Up to 16 Levels Including Interrupts 
Binary and BCD Arithmetic Operation 

Powerful Logic Arithmetic Operation 

Pattern Generation — Table Look Up Capability — 

Bit Manipulation for Both RAM and |/O 


= PROGRAM DEVELOPMENT SUPPORT TOOLS 

@ Cross assembler and simulator software for use with IBM 
PCs and compatibles 

@ In circuit emulator for use with IBM PC 


= PIN ARRANGEMENT 





HD614P180 


Di2 
Di3 
Dia 
Rai/Vaisp 

Roo 












Ri3 
R20 
Rai 
Roz 
R23 
R30 
Rai 
R32/INTo 
Ra3/INT; 
Vec 















(Top View) 


= RECOMMENDED APPLICABLE EPROM 





HN27C64-30 
HN482764-3 


HN27C64G-25 
HN482764 


ee HN4827128-45 
8192 words 
| 6 HN4827128-25 





2048 words 





4096 words 







HO614P180 
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0cS 


IHOVLIH @ 


0068-685 (GLb) © 6L81-GOOPE VO ‘aUegsig © ANd WlOd BLAIS O00Z © ZEld IYDEIIH © “P}] POVEWY IYde}H 








R33/  Rs2/ RESET TEST OSC: OSC N 
INT: INTo | aia On Pack 
n Package 
ie eerie eee : 
TIMER EXTERNAL SYSTEM CONTROL 
B INTERRUPT 





INTERRUPT CONTROL 





bl CE 
Upper \ 
(Sbits) : 


EPROM 


HN482764 
HN27C64 
HN4827128 
















Oa - Oa 







Lower 


RAM 576 x 4bit SP (Sbits) 








ee 





To 4 


iT ura 
GIG! ago 
rer] [or] TT) 
a! 
1 1 


Fe) ee oe | ne 


ee ee es ee ee ee ee ees ee q 
1 oy ' c { 
t 


Ra3Ra2 Rai Rao R33/R32/R3R30 'R23R22R21 R20! Ri3Ri2R11 Rio! Roz Ro2 Roi Roo 
INT, INTo bee ee eee eK ee ee wa Lowe ee ww es ee en rd 






ro 


acs “” e e 
ee ' High Voltage Pins 


| 


WVHOVIC 19078 = 
O8TdvVl9dH 





® ABSOLUTE MAXIMUM RATINGS 
Item 
Supply Voltage 


Terminal Voltage 


Total Allowance of Input Currents 
Total Allowance of Output Currents 
Maximum Input Current 


Maximum Output Current 


Operating Temperature 
Storage Temperature 


—0.3 to Vcc +0.3 Vv 
Vt 











z 


HD614P180 





Note 


DM} on!) &| w 


7,8 
9, 10 


9,11 
9,12 


} Permanent damage may occur if ‘‘Absolute Maximum Ratings’’of the LSI or the EPROM are exceeded. Normal operation should be 


under the conditions of ‘‘Electrical Characteristics’. If these conditions are exceeded, it may cause the malfunction and affect the 


reliability of LSI. 
(Note 2) Ail voltages are with respect to GND. 
(Note 3) Applied to standard pins. 
(Note 4) Applied to high voltage 1/O pins. 
(Note 5) 
(Note 6) 
(Note 7) 
(Note 8) Applied to Dy ~ D; and R3 ~ R4. 
(Note 9) 
(Note 10) Apptied to Do ~ D; and R3 ~ R4. 
(Note 11) Applied to RO ~ R2. 
(Note 12) Applied to D4 ~ Dy. 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 « (415) 589-8300 


Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 


@ HITACHI 


Total allowance of input current is the total sum of input current which flow in from all |/O pins to GND simultaneously. 
Total allowance of output current is the total sum of the output current which flow out from V¢e¢ to all 1/O pins simultaneously. 
Maximum input current is the maximum amount of input current from each 1/O pin to GND. 
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® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


Value 
Test Conditions 


Unit Note 


Item 
| min [tye] max 
0,7V Vect0.3 Vv 
Input “High” el = | = | vootos 
bas a ae 
conto mm) | ome 
Input/Output 


Vin = OV to V 
Crystal or 
Current 
Dissipation in Vcc Vcoc=5V 
Active Mode 






Ceramic Filter 







Oscillator 
fosc = 4MHz 


Q 
3) 


N 
o 

= 
3 > 
NX _ 
oa 


ae 
3 
w 
oa) 























Maximum Crystal or 
leave Voc Logic Ceramic Filter 

Operation Oscillator 

Vcc = 5V fosc = 4MHz 


Current 
Dissipation in 



















Standby Mode Minimum Crystal or 
ISsBY2 Vcc Logic Ceramic Filter 
Operation Oscillator 
Vec = 5V fose = 4MHz 






3 
> 
> 
wn 


Current EST Sane 
Dissipation in Wee Vin (TEST) = Vec-0.3V to Vec ie 
Stop Mode Vin (RESET) = OV to 0.3V 

Stop Mode V Vv 

Retain Voltage stop cc 


(Note 1) Output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; @ Reset state in Operation Mode 
Pin state; ® RESET, TEST ... Vcc voltage 
@ Do ~D3, R3~R4 ... Vee voltage 
@0.~Di4, RO~R2, Ray. Rar... Voc ~Vec-40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
@ Input/Output; Reset state 
@ TIMER-B; +2 prescaler divide ratio 
Pin state; @ RESET ... GND voltage 
@ TEST ... Vcc voltage 
© Do~D;, R3~R4 ... Voc voltage 
e D4~D,,, RO~R2, Ray ... Vec~VCC—40V 


(Note 4) The timer/counter with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; © Standby Mode 
@ Input/Output; Reset state 
e@ TIMER-B;+ 2048 prescaler divide ratio 
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Pin state; @ RESET ... GND voltage 
e TEST ... Vcc voltage 
e D,~D;, R3~Ré4 ... Vcc voltage 
@® D,~D,4, RO~R2, Ray... Vcc ~ Vec—40V 


(Note 5) When foge=x [MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (fosc=X [MHz] =z x max. value (fos¢=4[MHz] ) 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Voc = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


Item 


Input ‘‘High” 
Voltage 
Input ‘“Low”’ 
Voltage 


Output “Low” 


Voltage 
Input/Output 


Leakage Current 


Value 


Test Conditions Unit Note 


Symbol Pin Name : 
Bad Meio Din vem 
Do oe D3, 


== mes we 7 
Do ~ D>, iG ~ | 0.22Ve6 
R3~ RA 


Do ~ D3, 
Dy ~ D3, 
oe ee Te te ta 


(Note 1) Output buffer current are excluded. 


@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vec = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


Item 


Input “High” 
Voltage 


Input “Low” 
Voltage 


Output “‘High” 
Voltage 


Output ‘‘Low” 
Voltage 
Input/Output 
Leakage 
Current 


ces : 


R2, Ra; 


Ree 
Al 
ep, Lon = 15mA | Veo-3.0] - | - 
* [ton “8A Veez0 fT 
[eesti Peso SS 


150kQ to Vec -40V 


n= Vcec-40V to Vec 


Da ~ Dig, 
RO~ R2 









(Note 1) Output buffer current are excluded. 
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® AC CHARACTERISTICS (Vcc = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


Test | Value 





















































52 5 Oscillation Frequency OSC, , OSC, oe ete Te MHz 
Ba . 
ae — ome r ime | teye i a 
LO scillator Stabilization 
ME = =oep | ppp] 
External Clock Frequency fop 0.4 | = | 62 | 2 
iy External Clock “High” : 
S| Level Width tcpH 70 2 
bad External Clock ‘‘Low” 70 
c Level Width ToPL 2 
@ . " 
k External Clock Rise Time tcp, es es se 2 
ae ; 
‘ 2 
INTo ‘’High’’ Level Width 3 
__TNTo “Low” Level Width _ 30 
INT: “High” Level Width 3 
INT: ‘“‘Low” Level Width 3. 
RESET “High” Level Width trRstH 4 











Input Capacitance C., all pins 


RESET Fall Time |trsre | ss CUT rrtrtc(irdr Ce Th Kh hE ls fT 


(Note 1) Oscillator stabilization time is the time unti! the oscillator stabilizes after Vcc reaches its minimum allowable voltage Voc = 4.5V 
after power-on, or after RESET goes high. At power-on or STOP mode release, RESET Must be kept high for at least tre. Since 
trRc depends on the crystal or ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice when 
designing the RESET circuit. 


Crystal oscillator Ceramic filter oscillator 


Ci 







Crystal R¢ 





C2 
GND 
Crystal: 4.194304MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) 
Rt; 1iMQ+ 2% Re: IMQl+ 2% 
C, : 22pF + 20% C, : 30pF + 20% 
C, : 22pF + 20% C, : 30pF + 20% 
(Note 2) (Note 3) 


V/tce 


Voec-6.5V | 
OSC, tie tCPH tCPL 
0.5V | | | 


tcPr tcp 





(Note 4) 
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® CHARACTERISTICS CURVE (REFERENCE DATA) 





Issy1, !sey2(mA) 


lo” min. (mA) 


fosc( MHz) 


loc vs. fos, characteristic 
(crystal, ceramic resonator) 


Ta=—20~+75¢ 
Veoe5V 














fosc( MHz) 


Ispy VS. foso characteristics 
(crystal, ceramic resonator) 





Tax-20~+75'e | {| | 
a eee 


< 

OQ 

oO 

tt 

a 

on 
Ni 


ONT 
CEN 
TN 


PN 
LUNE 





VoL'V) 
lot min. vs. Voy characteristics 
(Standard Pin) 
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Ta=—-20~+75C 
fosc =4MHz 


3 
< 
E 
~O 
2 
1 
0 1 2 3 4 5 6 
Vec( V ) 
lcc vs. Vcc characteristic 
(crystal, ceramic resonator) 
2.0 






Ta=—-20~+75°C 

fosc = 4MHz 

IsBY1 
max, 

Le ie ee IsBY2 


@) 1 2 3 4 5 6 
Vec(V) 


Isgy vs. Vcc characteristics 
(crystal, ceramic resonator) 






30 





< 
oO 

+ 
3) 
< 


—lOH min. (mA) 
eee 
Pelee ee 
aed 
a im 


ai 
a 
7 


ee 








0 3 4 5 
Vec—VouH(V) 

—lon min. vs. (Vec—VoxH) characteristics 

(D, ay Dia pins) 
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oe at 





—loH min. (mA) 


Vec—VoH(V) 
—lon min. vs. (Vec—VoH) characteristics 
(RO ~ R2 pins) 


® DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 


© GND, Vcc. Vdisp 
These are power supply pins. Connect GND pin to Earth 
(OV) and apply Vcc power supply voltage to Vcc pin. Ray/ 


Vdisp Pin is used for Raj as all high voltage pins are “with- 


out pull-down MOS” (PMOS open drain). 


e TEST 
TEST pin is not for users application. Connect it to Vcc. 


@ RESET 


RESET pin is used to reset MCU. For details, see “RESET”. 


@ OSC:, OSC2 
These are input pins to the internal clock generator circuit. 


They can be connected to crystal resonator, ceramic filter reso- 
nator, or external oscillator circuit. For details, see “INTER- 


NAL OSCILLATOR CIRCUIT.” 


@ D-port (Do to D,, ) 

D-port is a 1-bit Input/Output common port. Do to D3 are 
standard type, Da to D,, are for high voltage. For details, see 
“INPUT/OUTPUT”’. 


® R-port (RO to R4, RA) 

R-port is a 4-bit Input/Output port. (only RA is 1-bit con- 
struction.) RO is output port, RA is input port, and R1 to R4 
are Input/Output common ports. RO to R2 and RA are the high 
voltage ports, R3 to R4 are the standard ports. R32 and R33 are 
also available as INTg and INT), respectively. For details, see 
“INPUT/OUTPUT”. 





@ INTo, INT: 

These are the input pins to interrupt MCU operation exter- 
nally. INTi_can be used as an external event input pin for 
TIMER-B. INTo and INT: are also available as R32, and Ras 
respectively. For details, see “INTERRUPT”. 





m@ ROM MEMORY MAP 
ROM memory map is illustrated in Fig. 1 and described in 
the following paragraph. 


© Vector Address Area ..... $0000 to $O00F 

When MCU reset or an interrupt is serviced, the program is 
executed from the vector address. Program the JMPL instruc- 
tions branching to the starting addresses of reset routine or 
of interrupt routines. 


@ Zero-Page Subroutine Area ..... $0000 to $003F 
CAL instruction allows to branch to the subroutines in 
$0000 to $003F. 


® Pattern Area ..... $0000 to SOF FF 
P instruction allows referring to the ROM data in $0000 to 
SOFFF as a pattern. 


@ Program Area ..... $0000 to $1F FF 
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MCU ROM ADDRESS 






























$0000 |II}I 0 bita —bit3sbit2—, bit? ._bitO | lower 5 bit Beas JMPL Instruction $0000 
so001_ {lili o upper 5 bit (Jump to RESET Routine) $0001 
JMPL Instruction $0002 
Vector Address (Jump to INTg Routine) $0003 
$O001F $ OOOF JMPL Instruction $0004 
$0020 $0010 (Jump to INT; Routine) $0005 
Zero-Page Subroutine ea ok ene | $0006 
(64 Words) Pp $0007 
JMPL Instruction $0008 
$OO7F $ 003F (Jump to TIMER-B Routine) $0009 
$.0080 sooaa [——SSS—*Yd $00 
Pattern Ps $008 
(4096 Words) Po $000 
Ps $0000 
eke sores [7] soooe 
$ 2000 $1000 Yd S00 
Program 
(8192 Words) 
$ 3FFF $ FFF 
Noa a 
NOT USED 
(Set to ‘‘000"’) 
Fig. 1 ROM Memory Map 
0 
. 1 
RAM: clapped Registers interrupt Control Bits 200 
31 $002 
32 $003 
Memory Registers(MR) Port Mode Reg. (PMR); W $004 
Ls (RR Sa Tee Not Used $005 
- Not Used $006 
Not Used $007 
Not Used $008 
(512 Digits) 9] Timer Mode Reg. B (TMB): W  } $009 
10 * (TCBL/TLRL) | RAW }] S$OOA 
TIMER-B 
543 11 (TCBU/TLRU) | RAW | $008 
544 12 $00C 
Not Used 
959 Not Used 
960 
Stack $O1F 
{64 Digits) 
1023 $ 3FF 
* Two registers are mapped on same address. 
R : Read Onty 
Ww: Wate Only Timer/Event Counter B Lower (TCBL) Ea] Timer Load Reg. Lower (TLRL) $OOA 
R/W : Read/Write 
Timer/Event Counter B Upper (TCBU) a | Timer Load Reg Upper (TLRU) $008 








Fig.2 RAM Memory Map 


= RAM MEMORY MAP 
The MCU includes 576 digits x 4 bits RAM as the data area 
and stack area. In addition to these areas, interrupt control bits 


and special registers are also mapped on the RAM memory 
space. RAM memory map is illustrated in Fig. 2 and described 
in the following paragraph. 
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bit 3 bit 2 



















0 IMO 
(IM of INT, ) 
1 
; 
: 
1F : Interrupt Request Flag 
IM: . Interrupt Mask 
(/E : Interrupt Enable Flag 


SP : Stack Pointer 


IFO | RSP LYE 
(IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 
IM1 IF 1 
Not Used Not Used (IM of INT) (IF of INT) 
IMTB iIFTB 
(IM of TIMER-B) (IF of TIMER -B) 







bit 1 bit O 


$000 
$001 
$002 
Not Used 


Not Used $003 





(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when ‘‘RSP" bit and ‘‘Not Used”’ bit is tested. 


Fig. 3 Configuration of Interrupt Control Bit Area 


@ Interrupt Control Bit Area ..... $000 to $003 

This area is used for interrupt controls, and is illustrated in 
Fig. 3. It is accessable only by RAM bit manipulation instruc- 
tion. However, the interrupt request flag cannot be set by soft- 
ware. The RSP bit is only used to reset the SP. 


@ Special Register Area ..... $004 to $00B 

Special Register is a mode or a data register for the external 
interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 


Memory Registers Stack Area 


Level 15 


02C Level 4 
2 


960 $ 3CO 














MR(1 2) 





RAPRHARAF HHH HH HHH HF H 
oO 
N 
© 


46 | MR(14) 
47 |_MR(15) | 


PC13 to PCg; Program Counter 
ST; Status 
CA; Carry 


O2E Level 
O2F 1023 $ 3FF 


@ Data Area..... $020 to $21F 
16 digits of $020 to $02F are called memory register (MR) 
and accessable by LAMR and XMRA instructions. 


@ Stack Area .... $3C0 to $3FF 

Stack Area is used for LIFO stacks with the contents of the 
program counter (PC), status (ST) and carry (CA) when process- 
ing subroutine call and interrupt. As 1 level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig.4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction, and 
not affected by RTN instruction. The area, not used for stack- 
ing, is available as a data area. 


bit3 bit2 bit] bitO 





Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 
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® REGISTER AND FLAG 

The MCU has nine registers and two flags for the CPU opera- 
tions. They are illustrated in Fig. 5 and described in the follow- 
ing paragraphs. 


@ Accumulator (A), B Register (B) 

Accumulator and B Register are 4-bit registers used to hold 
the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, I/O and other registers. 


@ W Register (W), X Register (X), Y Register (Y) 

W Register is 2-bit. and X and Y Register are 4-bit registers 
used for indirect addressing of RAM. Y Register is also used for 
D-port addressing. W Register is write-only and cannot be read. 


@ SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 
Y Register respectively. 


® Carry (CA) 

Carry (CA) stores the overflow of ALU generated by the 
arithmetic operation. It is also affected by SEC, REC, ROTL and 
ROTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It’s not 
affected by RTN instruction.) 


@ Status (ST) 

Status (ST) holds the ALU overflow, ALU non-zero and the 
results of bit test instruction for the arithmetic or compare in- 
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex- 
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 


eae Accumulator 


SPX Register 


E) 


3 ) 
Stack 
Pointer 


Fig. 5 Register and Flags 
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stack and restored back from the stack by RTNI instruction. 
(It’s not affected by RTN instruction.) 
@ Program Counter (PC) 

Program Counter is a 14-bit binary counter for ROM address- 
ing. 


@ Stack Pointer (SP) 

Stack Pointer is used to point the address of the next stack- 
ing area up to 16 levels. 

The Stack Pointer is initialized to locate $3FF on the RAM 
address, and is decremented by 4 as data pushed into the stack, 
and incremented by 4 as data restored back from the stack. 


® INTERRUPT 

The MCU can be interrupted by three different sources: the 
external signals (INTy, INT,) and timer/counter (TIMER-B). i 
each sources, the Interrupt Request Flag, Interrupt Mask and 
interrupt vector address will be used to control and maintain the 
interrupt request. The Interrupt Enable Flag is also used to 


control the total interrupt operations. 








@ Interrupt Control Bit and Interrupt Service 

The interrupt control bit is mapped on $000 to $003 of the 
RAM address and accessable by RAM bit manipulation instruc- 
tion. (The Interrupt Request Flag (IF) cannot be set by soft- 
ware.) The Interrupt Enable Flag (1/E) and Interrupt Request 
Flag (IF) are set to “O”, and the Interrupt Mask (IM) is set to 
“1” at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table 1 shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the three interrupt sources. 

The interrupt request is generated when the Interrupt Re- 
quest Flag is set to “‘I“ and the Interrupt Mask is “‘O”’. If the 
Interrupt Enable Flag is “‘1‘*, then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the three interrupt sources. 

Fig. 7 shows the interrupt services flowchart, and Fig. 8 
shows the interrupt sequence. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter- 
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a Starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. : 
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ae Priority ContolPLA Address 


$001.0 


$001.1 |) 


$ 002,0 


$002.1 > 


Sequence Control 
: Push PC CA’ST 
hc) + Reset I/E 
« Jump to Vector 
Address 








Fig.6 Interrupt Circuit Block Diagram 


Table 1. Vector Addresses and Interrupt Priority 


Reset . Interrupt Vector addresses 








TIMER-B 


IFO-IMO 





* Don't care 
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Yes 






Interrupt 
Request 
? 


i/E=*1" ? 
Yes 
(A) (B) (C) 
Reset Execute Interrupt 
MCU instruction Accept 


[/E<*0" 
Stack+~(PC) 


PC+. (PC) +1 


Stack«-.(CA) 
Stack<(ST) 





Y 
PC+-$ 0002 = 


No 


PC+- $ 0004 ues 


PC+- $ 0008 


(TIMER-B INTERRUPT) 


Fig. 7 Interrupt Servicing Flowchart 
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Instruction 
Cycles 


tnstruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt 


Stacking, 


accepted Reset of I/E 


Fig.8 Interrupt Servicing Sequence 


@ Interrupt Enable Flag (1/E: $000,0) 

The Interrupt Enable Flag controls enable/disable of all inter- 
rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by the interrupt servicing and set by RTNI instruction. 


Table 3. Interrupt Enable Flag 


Interrupt Enable/Disable 
Disable 


Interrupt Enable Flag 





© External Interrupt (INT), INT, ) _— — 

To use external interrupt, select R32/INTo, R33/INT; port 
for INT,, INT; mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edge of INTp, INT, inputs. 

INT, input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT, as TIMER-B external event, an External Interrupt 
Mask (IM1) has to be set so that the interrupt request by INT: 
will not be accepted. 














@ External Interrupt Request Flag (IFO: $000,2, 1F1: $001,0) 
The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edges of INT), INT, inputs respectively. 


@ External Interrupt Mask (IMO: $000.3, IM1: $001,1) 
The External Interrupt Mask is used to mask the external 


am te a aan 0 tn BON RR RY 





JMPL instruction execution on the 
vector address 












Instruction 
Execution at 
Starting address 
of the interrupt 
routine 


Table 4. External Interrupt Request Flag 


External Interrupt Request Flags Interrupt Requests 





Enable 
Disable (masks) 





® Port Mode Register (PMR: $004) 

Ther Port Mode Register is a 2-bit write-only register which 
controls the R3,/INTo pin and R33/INT, pin as shown in Table 
6. The Port Mode Register will be initialized to $0 by MCU 
reset, so that all these pins are set to a port mode. 








Table 6. Port Mode Register 






R33/INT, pin 






Used as R33 port input/output pin 
Used as INT, input pin 





PMR 
bit 2 


U Used as 32 port input/output pin 
1 Used as INT9 input pin 


R32/iINT 5 pin 
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TIMER MODE REGISTER B 


TMB(4bit) 


TIMER-B MPX 


PRESCALER(1 1bit) 





6) 


SYSTEM 
CLOCK 


2048 


I 


+512 





Fig. 9 


= TIMER 

The MCU contains a prescaler and timer/counter (TIMER-B), 
Fig. 9 shows the block diagram. The prescaler is an 11-bit binary 
counter which has same function with the HMCS412C. TIMER- 
B is an 8-bit auto-reload timer/counter which has same function 
with the HMCS412C. 


@ Prescaler 

The input to the prescaler is a system clock signal. The pre- 
scaler is initialized to $000 by MCU reset, and the prescaler 
Starts to count up the system clock signal as soon as RESET 
input goes to logic “0”. The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-B. The prescaler divide ratio of the clock signals are 
selected according to the content of the mode registers such as 
— Timer Mode Register B (TMB). 


@ TIMER-B Operation 

Timer Mode Register B (TMB: $009) is used to select the 
auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER-B, select the R33/INT, 
as INT, and set the External Interrupt Mask (IM1) to “1” to 
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INTERNAL BUS LINE (S1) 


TL(4bit 
TIMER LATCH 
RE 


em 
b 
S 


Pr 
TCB(8bit) 
TIMER/EVENT COUNTER B 


TBOF | IF TB 


aReR es REQUEST FLAG 
TLR(8bit) OF TIMER-B 


TIMER LOAD REGISTER 


INTERNAL BUS LINE (S2) 


Timer/Counter Block Diagram 


prevent the external interrupt request from occurring. 

TIMER B is initialized according to the value written into the 
Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 
TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- 
alized again and generate overflow output. In this case if the 
auto-reload function is selected, TIMER-B is initialized accord- 
ing to the value of the Timer Load Register. Else if the auto- 
reload function is not selected, TIMER-B goes to $00. TIMER- 
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 


@ Timer Mode Register B (TMB: $009) 

The Timer Mode Register B is a 4-bit write-only register. The 
Timer Mode Register B controls the selection for the auto- 
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 7. 

The Timer Mode Register B is initialized to $00 by MCU 
reset. 

The operation mode of TIMER—B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore, it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 
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Table 7 Timer Mode Register B 


Auto-reload Function 














@ TIMER-B Gee $00A, TCBU: ae) 
TLRL: $00A, TLRU: $00B 

TIMER-B consists of an 8-bit write-only Timer Load Regis- 
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high- 
order digit (TCBU: $00B, TLRU: $00B). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 
the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 


@ TIMER-B Interrupt Request Flag (IFTB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 
output of TIMER-B. 


TMB Prescaler Divide Ratio, 
Bit 2 Clock Input Source 
o [oe | o_ 72088 
0 1 + §12 
0 0 + 128 
oa a a am 
1 0 0 + 8 
1 0 1 4 + 4 
1 1 0 a” 
1 ae ia INT, (External Event Input) 


PMR:$ 004 


PMR3/]PMR2 





TMB:$ 009 


TMB3/T MB2|/TMB1/TMBO 


—_--——_y a 


@ TIMER-B Interrupt Mask (IMTB: $002, 1) 
TIMER-B Interrupt Mask prevents an interrupt request 
generated by TIMER-B Interrupt Request Flag. 





R32/INT > pin mode selection 


R33/INT, pin mode selection 


Wea! TIMER-B input clock selection 


Auto-reload function selection 


Fig. 10 Made Register Configuration and Function 
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Table 8. TIMER-B Interrupt Request Flag 






TIMER-B Interrupt 
Request Flag 





Interrupt Request 









Table 9. TIMER-B Interrupt Mask 






TIMER-B Interrupt 


Mask Interrupt Request 







Enable 
Disable (Mask) 
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= INPUT/OUTPUT 

The MCU provides 36 Input/Output pins, and they are con- 
sist of 12 standard pins of “Without pull-up’ MOS |(NMOS 
open drain)” and 24 high voltage pins of “Without pull-down 
MOS (PMOS open drain)”. 

When any input/output common pin is used as input pin, 
it is necessary to set the output data as shown in Table 10. 


Table 10 Data Input from Input/Output Common Pins 


1/O circuit type 


For Standard pins 
“Without pull-up MOS 
(NMOS open drain)” 


For High voltage pins 
‘Without pull-down MOS 
(PMOS open drain)” 


Table 11 I/O Pin Circuit Forms 


Without pull-up MOS 
(NMOS open drain) 





Applied 
pins 


















Do ~D3, 
1/0 R30 ~R33, 
common Rao ~Ra43 


pins HLT 
output 


data 





Standard pins 





(Continued) 


® D-port 
D-port is 1-bit I/O port, and it has 15 Input/Output common 
pins. It can be set/reset by the SED/RED and SEDD/REDD 










Available pin condition for input 


ad Los 


"90" 


Without pull-down MOS 
(PMOS open drain) 







Applied pins 







HLT 
1/0 boc = output D4~Dya, 
common —3 Rio~R13 ; 
pins Rro~Ro3 





L 







Output 


: Roo™~Ros 
pins 





High voltage pins 


(Note) In the stop mode, HLT signal is ““O", HLT signal is 1" and I/O 
pins are in high impedance. 


instructions, and can be tested by the TD and TDD instructions. 
Table 11 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 
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® R-port 

R-port is 4-bit I/O port. It provides 16 inpyt/output com- 
mon pins, 4 output-only pins, and | input-only pin. Data input 
is processed using the LAR and LBR instructions and data 
output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 
output-only and/or non-existing ports. ene — 

The R3,. and R33 pins are also used as the INT) and INT, 
pins respectively. Table 11 shows the classification of standard 


pins, high voltage pins and Input/Output pins circuit types. 


@ RESET | 

The MCU is reset by setting RESET pin to “1”. At power 
ON or recovering from stop mode, apply RESET input more 
than trc to obtain the necessary time for oscillator stabiliza- 
tion. In other cases, the MCU reset requires at least two instruc- 
tions cycle time of RESET input. 

Table 12 shows initialized items by MCU reset and each 
status after reset. 


Table 12 MCU Initial Value by Reset 


Items 


Program counter (PC) 
Status (ST) 
Stack pointer (SP) 


Standard pin 


1/O output 
register 


Without pull-up 
MOS 
High voltage | Without pull-down 
pin MOS 


Interrupt Enable Flag (1/E) 


Interrupt Request Flag (IF) 


Interrupt flag 


Initial value by 
MCU reset 


$0000 


$3FF 


Contents 


Execute program from the top of ROM address. 
Enable to branch with conditional branch instructions. 
Stack level is 0. 


Enable to input. 


Enable to input. 


Inhibit all interrupts. 
No interrupt request. 


Interrupt Mask (1M) at Mask interrupt request. _ 
; Port Mode Register (PMR) “0000’’ See Item ‘Port Mode Register’’. 
Mode register 


Timer Mode Register B (TMB) 


Timer/Counter Timer/Event Counter B (TCB) 
Timer Load Register (TLR) 


“0000"’ 


$000 
$00 
$00 


See Item ‘’ Timer Mode Register B’’. 


(Note) The values of registers and flags which are not described on above table will become 









as follows. 
tern After releasing stop mode After MCU Reset 
by MCU Reset except the left 
Carr (CA) The value immediately before The value immediately 
Accumulator (A MCU reset is not guaranteed. before MCU Reset is 
"T Initialization by the program not guaranteed. 
X/SPX register (X/SPX) should be required. Initialization by the 
Y/SPY register (Y/SPY) Progr sn ene pe 
required. 
The value immediately before ‘ 
MCU reset (the value ee ae 
RAM immediately before executing aint 
stop instruction) is retained. 
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® INTERNAL OSCILLATOR CIRCUIT filter resonator as shown in Table 13, 


Fig. 11 gives internal oscillator circuit. The oscillator type clock Operation is available. 
can be selected from the followings; crystal resonator, or ceramic 


In any cases, external 


OSC, 


Divider Timing 


System 


Oscillator circuit generator ‘oak 


1/8 circuit 
OSC, 





Fig. 11 Internal Oscillator Circuit 


Table 13 Oscillator Circuit Example 


Circuit configuration Remarks 


Oscillator 


External clock 
operation 


Ceramic filter: CSA 4.00MG (Murata) 
Rf: 1M&Q + 2% 
Ci: 30pF + 20% 
C2: 30pF + 20% 


Ceramic filter Ceramic filter: CSA 6.00MG (Murata) 





resonator Rf: 1MQ + 2% 
C,: 30pF + 20% 
C,: 30pF + 20% 
Crystal: 4.194304 (MHz) 
NC-18C (Nihon Denpa Kogyo) 
R¢: IMQ + 2% 
Cy: 22pF + 20% 
Crystal 2S R, Cy: 22pF + 20% 
Crystal: 6.0 (MHz) 
Crystal R¢: IMQ + 2% 
resonator Ci: 20pF + 20% 
Cas 20pF + 20% 
ATcut parallel resonance crystal 
Crystal: A T cut parallel resonance crystal 
C, Rs Co: 7 pF max. 
OSC: Rs: 10082 max. 
Co f: 2.0~ 4.5MHz 
(Note 1) 


On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter maker. 
The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board. 
in employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter. 


(Note 2) Wiring among OSC, , OSC, and elements should be as short as possible, and never cross the other wirings. Refer to the layout of 
crystal and ceramic filter. 
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Fig. 12 Layout of Crystal and Ceramic Filter 








® LOW POWER DISSIPATION MODE 

The MCU provides two low power dissipation modes, that is, 
a Standby mode and a Stop mode. Table 14 shows the function 
of the low power dissipation mode, and Fig. 13 shows the 
diagram of the mode transition. 


Table 14 Low Power Dissipation Mode Function 








Low Power 
Dissipation Mode 


Oscillator 
circuit 





Standby mode 


Stop mode 


STOP 
instruction 





Condition 





Instruction Register, 
execution Flag 
SBY . ! : 82) 
[iacn| Aome_| see [res | home| noms | pneel™ 
impedance 
































Recovering 
Input/ ’ 
Interrupt Timer/ method 
function ae Counter 


RESET Input, 
Interrupt request 





Active 


RESET t!nput 





*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 12. 
*2) Asa 1/O circuit is active, a 1/O current possibly flows according the state of I/O pin. This is the additional current to the current dissipation in 


Standby Mode (iggy, Ispy2). 


Active 
mode 
oe a 


Oo» 









» 
ee 





RESET="1" 


Fig. 13 MCU Operation Mode Transition 


@ Standby Mode 
The SBY instruction puts the MCU into the Standby mode. 
In the Standby mode, the oscillator circuit is active and timer/ 


counter continues working. On the other hand, the CPU stops 
since the clock related to the instruction execution stops. 
Registers, RAM and Input/Output pins retain the state they had 
just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is “1”, the interrupt is executed. If the Interrupt Enable Flag 
is “O". the interrupt request is held on and the normal instruc- 
tion execution continues. 

Fig. 14 shows the flowchart of the Standby Mode. 


© Stop Mode 

The STOP instruction brings the MCU into the Stop mode. 
In this mode the oscillator circuit and every function of the 
MCU stop. 

The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 15, apply the RESET input for more than trc 
to get enough oscillator stabilization time. (Refer to the “AC 
CHARACTERISTICS”.) After the Stop mode is canceled, 
RAM retains the state it had just before going into the Stop 
mode after releasing stop mode by MCU reset, the values of the 
B iegistcr, W register, X/SPX register, Y/SPY register, carry and 


serial data register are not guaranteed. 
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Oscillator Active 
Peripheral Clocks 
Active 

All Other Clocks | 
Stop 





Restart Restart 
Processor Clocks Processor Clocks 
No 


VSS". (C) 


(A) (B) 
Reset MCU Execute Interrupt 
Instruction Accept 


Fig. 14 MCU Operating Flowchart 


Stop mode 


Internal clock a 


RESET 
| tres | 


STOP instruction execution {more than stabilization time: trac) 







Fig. 15 Stop Mode Cancel Timing Chart 
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® RAM ADDRESSING MODE © Direct Addressing 

As shown in Fig. 16, the MCU provides three RAM address- The direct addressing instruction consists of two words and 
ing modes; Register Indirect Addressing, Direct Addressing and the second word (10 bits) following Op-code (the first word) is 
Memory Register Addressing. used as the RAM address. 
@ Register Indirect Addressing @ Memory Register Addressing 

The combined 10-bit contents of W Register, X Register and The Memory Register Addressing can access 16 digits 
Y Register is used as the RAM address in this mode. (Memory Register: MR) from $020 to $02F by using the LAMR 


and XMRA instruction. 


W-Register X-Register Y -Register 


fe eg NG oe Ne ag et Bee GN 
ale 






RAM Address 


(a) Register Indirect Addressing 


Instruction 1st Word Instruction 2nd Word 
ae 








RAM Address 


(b) Direct Addressing 


Instruction 


OP Code 
m3 7; M2 
fess lie celeste calle hassles 


(c) Memory Register Addressing 










RAM Address 


Fig. 16 RAM Addressing Mode 
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® ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 
in Fig. 17. 


@ Direct Addressing Mode 

The program can branch to any addresses in the ROM 
memory space by using JMPL, BRL or CALL instruction. 
These instructions replace 14-bit program counter (PC13 to 
PCO) with 14-bit immediate data. 


@ Current Page Addressing Mode 

ROM memory space is divided into 256 words in each page 
starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace 
the low-order eight bits of program counter (PC7 to PCO) with 


Instruction 1st Word 
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8-bit immediate data. The branch destination by BR instruction 
on the boundary between pages is given in Fig. 19. 


@ Zero Page Addressing Mode 

The program branches to the zero page subroutine area, 
which is located on the address from $0000 to $002F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PCS to PCO) and ‘‘0’s” are placed in high-order eight 
bits (PC13 to PC6). 


@ Table Data Addressing 

The program branches to the address determined by the 
contents of the 4-bit immediate data, accumulator and B regis- 
ter, using TBR instruction. 


Instruction 2nd Word 








(JMPL) 
(BRL ) 
(CALL) 


Program Counter 


PC 13PC12PC14PCyQPCg PCg PC7 PCgPC5 PCq4 PC3 PC2 PCy PCg 








(a) Direct Addressing 


Instruction 








Program Counter PC 43PC42PC14PC19PCg PCg PC7 PCg& PCs PC4 PC3 PCa PCy; PCo 


(c) Zero Page Addressing 


Instruction 


OP Code Py Po P, Po 


(TBR) 





Program Counter 


PC 43PC 42PC44PC19PCg PCg PC7 PCE ce i3 PC 





B Register 








Accumulator 






B3 Bz By — A3 Ag Ay Ag 


3 PCa PC, PCo 








(d) Table Data Addressing 


Fig. 17 ROM Addressing Mode 
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Instruction 


(P) 





“Oo” “Oo” 
Referred ROM Address 


ROM Data 


Accumulator, B Register| B3 Bo By 





| OP Code P3 P2 P1 po 


Bo j}A3 A2 Ay 







B Register Accumulator 








(b) Pattern Output 


Fig. 18 P Instruction 


© P Instruction 

The P instruction refers ROM data addressed byTable Data 
Addressing. ROM data addressed also determine its destination. 
When bit 8 in referred ROM data is “1”, 8 bits of referred ROM 


256in 11+ 255 
256n 


256n + 254 
256n + 255 
256in s+ ty 





Fig. 19 The Branch Destination by BR Instruction on 
the Boundary between Pages 


data are written into the accumulator and B Register. When bit 

9 is “1”, 8 bits of referred ROM data are written into the R1 

and R2 port output register. When both bit 8 and 9 are “1”, 

ROM data are written into the accummulator and B Register 

and also to the R1 and R2 port output register at a same time. 
The P instruction has no effect on the program counter. 


® Description of the Branch Destination 

on Page Boundary. 

When BR is on page boundary (256n+255), BR instruction 
transfers the contents of PC to the next page with hardware 
architecture. Therefore, the program branches to the next 
page when using BR on page boundary. The HMCS400 series 
cross macro assembler has automatic paging facility for ROM 


page. 


® INSTRUCTION SET 
The HD614P180 provides 98 instructions. These instruc- 

tions are classified into 10 groups as follows; 
(1) Immediate Instruction 

(2) Register-to-Register Instruction 

(3) RAM Address Instruction 

(4) RAM Register Instruction 

(5) Arithmetic Instruction 

(6) Compare Instruction 

(7) RAM Bit Manipulation Instruction 
(8) ROM Address Instruction 

(9) Input/Output Instruction 
(10) Control Instruction 
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Table 15. Immediate Instruction 
Load A from Immediate LAI i 100011 isizir io fae ee WA 
Load B from Immediate i-—+B i | 1/1 
Load Memory from Immediate LMID id Pee ee ee 23/2 
Load Memory from Immediate, Increment Y | LMIIY i 101001 i3 i2 tt Io [i->M,Y+1-Y NZ 1/1 
Table 16. Register-to-Register Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION status [oor 
Load A from B LAB 0001001000 BA arene 
Load B from A LBA 001 A—B P14 
Load A from Y LAY 00 1 Y->A w71 
Load A from SPX 000 SPX—A ra 
Load A from SPY 000 SPY—A 1 
Load A from MR LAMR m MR(m).--A 1 
Exchange MR and A XMRA m 101171 ~=4 m3am2m1mMo MRim)--A | i wd 

Table 17. RAM Address Instruction 

OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS a 

Load W from Immediate 00111100i,i, iW 47% 

Load X from Immediate 100010 isizis io aay va 
Load Y from Immediate iY 1/1 

Increment Y | ¥ [0001011100 ¥+1>Y NZ | 171. 
Decrement Y DY 0011011111 Y-1+Y | NB | V1 

Add A to Y 0001010100 Y+A>Y Ove | 1/1_ 
Subtract A from Y 0011010100 Y-A-Y NB 1/1 
Exchange X and SPX 0000000001 X++SPX e4 
Exchange Y and SPY 0000000010 Y++SPY 1/1 


Exchange X and SPX,Y and SPY 








0000000011 | X++SPX,Y+-SPY 


XSPXY 


ea 
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Table 18. RAM Register Instruction 


WORD 
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS t2 
: CYCL 
Load A from Memory LAM(XY) [00100100yx | MA, (98%) | fat 
0110010000 
toad. ® tram: Memory LAMD 4 | deds dr de ds dads de di do | mA 2/2 
Load B from Memory LBM(XY) [00010000y x MB, (¥rgey) | (171 
Load Memory from A LMA(XY) |00100101yx AM, (8%) ff 
0110010100 = 
Load Memory from A LMAD d [97110010100 PAM 2/2 
Load Memory from A, Increment Y LMAIY(X) |000101000x |A-M,Y + 1-+Yix- -SPX) | NZ 1/1 
Load Memory from A, Decrement Y | LMADY(X) |001101000x |A—M.Y—1—Yix--sPx) | NB | 1 
Exchange Memory and A_ XMA(XY) oo0o100000y*x M-A, (¥85¥) Ro od vit 
A 0110000000 MA 2 
Exchange Memory and B XMB(XY) |00110000yx M-+B, (2 °°35y) a 1/1 


Note) (XY) and (x) have the meaning as foliows: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.) 


FUNCTION 
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Table 19. Arithmetic Instruction 


MNEMONIC | OPERATION CODE FUNCTION | STATUS leet 
L 


OPERATION 


Add Immediate to A 








Increment B 








Decrement B 











Decimal Adjust for Addition 








Decimal Adjust for Subtraction 





Negate A 








0010101010 


1010001312 it to 
0001001100 
0011001111 
0010100110 

















NEGA 


} 


0001100000 








Complement B 


~ COMB 





0101000000 











Rotate Right A with Carry 


a 


ROTR 





0010100000 








Rotate Left A with Carry 


“ROTL 





0010100001 








Set Carry 





SEC 





0011101111 
|— 





Reset Carry 





REC 





0011101100 





Test Carry 








TC 








Jooort0tiit 








Add A to Memory _ 








| dade dy Ge ds Ge da 8 


0000001000 



















Add A to Memory AMD d 
Add A to ‘Memory with Carry AMC | 0000011000 
Add A to Memory with Carry AmcD dad |91900011 











Subtract A from Memory with Carry 





Subtract A from Memory with Carry 











| dg dg d7 de ds ds d3 d2 di do 





000 












OR A and B 
AND Memory with A 
AND Memory with A 


OR Memory with A 








OR Memory with A 
EOR Memory with A 
EOR Memory with A 
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SMC 
SMCD d 
OR 
























ANM 
ANMD d 
ORMD d 


ORMD d 
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0010011000 [M-A-CA-A 1 
G AW dedcas dea, 0 2/2 
0101000100 11 
ees P oNZ | 1/1 
OTTOO0T 

de ded: deds dadsdz dito | ATIM—A 2/2_ 
0000001100 NZ | 1/1 
01000 ook 
dels dh de de Oa dss di dp NZ 2/2 
0000011100 Nz | 1/1 
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Table 20. Compare Instruction 












Immediate Not Equal to Memory 0000 1 Oi3 i2 it to 


O1TO0TO: 
do de G7 de ds de da de dr rarere| oe 


| i =M 





Immediate Not Equal to Memory 


A Not Equal to Memory ANEM 














WORD 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS manele 
YCLE 


v1 
— 2/2 


























B Not Equal to Memory 














0000000100 NZ 1/1 
A Not Equal to Memory A dead don Ae NZ 2/2 
0001000100 NZ V1 
0001 1 1 i312 I) to NZ 1/1 


Y Not Equal, to Immediate 

















Immediate Less or Equal to Memory 0000 1 1 i3 i2 iy to 











OTO0OT Tisinit i 
Immediate Less or Equal to Memory ILEMD id dede dy ded da d. di de 


A Less or Equal to Memory ALEM 0000010100 


A Less or Equal to Memory ALEMD d aids esdadsa ) 


0011000100 































B Less or Equal to Memory 











A Less 0} or Equal to Immediate 101011 i3i2h to 





Table 21. RAM Bit Manipulation Instruction 


OPERATION MNEMONIC | OPERATION CODE | FUNCTION 


Set Memory Bit | SEMn | 0 00100001 nino} 1—-Min) 

Set 07100001 min - 

Set Memory Bit da de dy de ds dedadzdido | — '~*Min) 

00100010 nino} O-M(n) 
rv ; 0711T0001710Nn 

Reset Memory Bit dg dg d7 de ds dg d3 d2 dido, 0--Min) 

Test Memory Bit TM n 00100011 Mino ie. a eel 

aE TAR O1TO0OT1 Ain 

Test Memory Bit TMD n.d ds dg dy de ds Ga ds do dt do ane 


Table 22. ROM Address Instruction 








Reset Memory Bit 


























NB V1 

NB 2/2 

NB V1 

NB 1/1 
we 

1/41 

272 


Branch on Status 1 | BR - b | 1 1 brbebsbabsbabibo ee ae ee y, : 
Long Branch on Status 1 | BRL ou | és ba os 403626 ae 2/2 
Long Jump Unconditionally CCR CR 1 an Sine bye: 
Subroutine Jump on Status 1 FO tasacarazaao| =| st 1/2 
Long Subroutine Jump on Status 1 9. ade ds 4: dade dvds + = 2/2 
Return from Subroutine SS LAs 


Table 23. Input/Output Instruction 


MNEMONIC OPERATION CODE FUNCTION 


SED 0011100100 1—D(Y) 


4 


1 7106 M3gM2M To 






OPERATION 


Set Discrete |/O Latch 


Set Discrete i/O Latch Direct 
















Reset Discrete 1/O Latch 00011003100 O—D(Y) 


foot ogooo] 
0101 O mmimimol 
Rin) 
100 10 0 msamemimo R(m)—B 
01101 1 PapzPipo] 


Reset Discrete 1/O Latch Direct 
Test Discrete 1/O Latch 

Test Discrete I/O Latch Direct 
Load A from R-Port Register 
Load B from R-Port Register 
Load R-Port Register from A 
Load R-Port Register from B 


Pattern Generation 


Oo 
He urea ee 
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WORD 
STATUS ae 
171 
V1 
1 
by) | 1/1 
1/1 
V1 
V1 
V1 
V1 
1/2 
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Table 24. Control Instruction 


OPERATION MNEMONIC | OPERATION CODE | FUNCTION STATUS | 
CYCLE 


No Operation | NOP | 0000000000 ee 1 
Stand-by Mode SBY 0101001100 ae 1/1 


Stop Mode STOP 0101001101 1 








(Note) HD614P180 has not serial Interface, so STS (start serial) cannot be used. If used STS, its operation equals to NOP. 


Table 25. OP-Code Map 





4 | 5 [6 ‘e 

















JOBDUGUGEUSEE 

















INEMD i(4) 











LEM ee ee ~LEMD (4) 


LBM(XY) an ie a sey |stoP] 








LMAIY(xi) AYY JMPL p(4) 
NEGA RED TC CALL p(4) 



































, YNE! 44) : ne BRL p(4) 
XMA(XY) | SEM n(2) | REM n(2) TM n(2) Paxman SEMD n(2) REMD n(2) TMD n(2) 
LAM(XY) LMA(XY) [SMC ANM (AMD MAD MCD ANMD 








soripor.[ Jom os] LMID. (4) 
TBR 


p(4) P p(4) 


0/0) >} o/ @) jaja) si win} 















































XMB(XY) —|BLEM ea ae =e "i amie: past ain eS as en 
eee CAL a(6) 
epee eT Ble eS 
ae eee el 
ro) 5 = ere 
a _ i 
g _ . 
ray - a 
4 | LBR m(4) a Wa 
5 | LAR 7 ea Z 
| 6 | REOD m(4) 
id LAMR ao 
- coe : BR b(8) 
aie Al 4) 
9 LMIIY a Re 
TOD ti<‘amZNSCti‘;™ =e 
Bf ALE aerials anne 
LRB a) ——— 
2 LRA mia) = g 
: SEDD rr He 
LF -XMRA 7 _ mia) = ~ = - oe . 
... RAM Direct Address 1... 2 word/2 cycle 
Co} ontreaad me sat a ) RAM Dies 4 2 word cy 


(2 word/2 cycle) 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 








949 





HD614P180 





= PRECAUTION TO USE THE EPROM ON-PACKAGE 
4BIT SINGLE CHIP MICROCOMPUTER 
Please pay attention to the followings, since this MCU has 
special structure with pin socket on the package. 
(1) Don’t apply high static voltage or surge voltage over MAX- (b) 
IMUM RATINGS to the socket pins as well as the LSI 
pins. 
If not, that may cause permanent damage to the device. 
(2) When using this in production like mask ROM type single (c) 
chip microcomputer, pay attention to the followings to 
keep the good contact between the EPROM pins and socket (d) 
pins. 
(a) When soldering the LSI on a print circuit board, the 
recommended condition is 


Temperature: lower than 250°C 

Time : within 10 sec. 
Over time/temperature may cause the bonding solder 
of socket pin to melt and the socket pin may drop. 
Note that the detergent or coating will not get in 
the socket during flux washing or board coating 
after soldering, because that may cause bad effect on 
socket contact. 
Avoid permanent application of this under the con- 
dition of vibratory place and system. 
The socket, inserted and pulled repeatedly loses its 
contactability. It is recommended to use new one when 
applied in production. , 


Table 26. Difference between the HD614P180 and HMCS412C 


: Type name HD614P180 HMCS412AC]| HMCS412C | HMCS412CL] HMCS414AC| HMCS414C | HMCS414CL 
em 


Minimum instruction 
Power supply voltage 45~55V 45~6V 3.5~6V 2.5~6V 45~6V 3.5~6V 25~6V 


© 4,096 words x 10 bits 
ROM 
(using stndard EPROM 27128) 


(using standard EPROM 2764) 2,048 words x 10 bits 4,096 words x 10 bits 
© 8,192 words x 10 bits Mask ROM Mask ROM 





RAM 576 digits x 4 bits 160 digits x 4 bits 256 digits x 4 bits 
Standard pins All pins are ‘without pull-up Each pin selects “‘without pull-up MOS (NMOS open drain)’, 
1/0 pin MOS (NMOS open drain)”. “with pull-up MOS”, or “CMOS”. 


circuit 


High voltage pins | All pins are ‘‘without pull-down Each pin selects ‘‘without pull-down MOS (PMOS open drain)” 
MOS (PMOS open drain)” or ‘“‘with pull-down MOS”. 


Clock generator Crystal resonator or ceramic Crystal resonator, ceramic filter resonator, or resistance oscillator 
filter resonator 


42-pin EPROM on package. 
The base chip pins are com- 


Package 





HMCS412C 


Type DC-42P DP-42 
Occupied area 
(mm) 19 x 52.8 13.4 x 52.8 


High from 7.5 (max.) 
stand-off EPROM on package 5.08 (max.) 


© HITACHI 


42-pin dual in line package (DP-42) 
: : Shrink type 42-pin dual in Ine package (DP-42S) 
patie with tose of-ne 44-pin flat plastic package (FP-44A) 


DP-42S FP-44A 
14 x 37.4 17.2x 17.2 
5.08 (max.) 2.9 (max.) 
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Description 


The HD40P4281/HD40P42161 are 4-bit single 
chip microcomputers which can mount a 
standard EPROM 2764/27128 for program 
memory. 

The HD40P4281 is pin-compatible with the 
mask ROM type HMCS424, but has some 
differences with it as shown in Table 33. By 
modifying the program in the EPROM, it can 
be used for the evaluation of the HMCS424 or 
for small-scale production. 





Features 


@ 4-bit architecture 
@ Application to 4096, 8192 words of 10 bits 

EPROM 
4096 words::::::::- HN482764, HN27C64 
8192 words::::::::- HN4827128 

@ 992 digits of 4-bit RAM 

@ 361/0O pins, including 24 high-voltage I/O 
pins (40 V max) 

@ 2 Timer/counter 

——11-bit prescaler 

—8-bit free running timer/counter 

—8-bit auto-reload timer/event counter 

@ Clock synchronous 8-bit serial interface 
@e Five interrupt sources 

—External: 2 

—Timer/counter: 2 

—Serial interface: 1 

@ Subroutine stack 
—Up to 16 levels including interrupts 
@ Minimum instruction execution time 
—0.89 KS 
@ Low power dissipation modes 

—Standby: Stops instruction execution 
while allowing clock oscillation and 
interrupt functions to operate. 

—Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data. 

@ On-chip oscillator 
—Crystal or ceramic filter 
(externally drivable) 

@ Package 
42-pin dual in-line ceramic, EPROM on- 
package 

® Instruction set compatible with 
HMCS424; 
101 instructions 

@ High programming efficiency with 10-bit/ 
word ROM: 79 single-word instructions 

@ Direct branch to all RAM areas 

@ Direct or indirect addressing of all RAM 
areas 

@ Subroutine nesting up to 16 levels includ- 


HD40P4281/HD40P42161— 


—Under Development— 


ing interrupts 

Binary and BCD arithmetic operations 
Powerful logical arithmetic operations 
Pattern generation-table lookup capabil- 
ity 

@ Bit manipulation for both RAM and I/O 





Program Development Support Tools 


@ Cross assembler and simulator software for 
use with IBM PCs and compatibles 


® In circuit emulator for use with IBM PC 


Recommended Applicable EPROM 


Program Memomy 


Type No. Capacity fosc(MHz) EPROM Type No. 


HN27C64-30 
HN482764-3 


HD40P4281 4096 words 4 


HN27C64G-15 


HN4827128-45 


8192 words 


HN4827128A-17 


> | oO; | & 


HD40P42161 16384 words HN27256-30 


8 HN27256-25 
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Pin Arrangement 


HD40P4281 HD40P42161 


Dia 
RA./Vassp RA1/Veisp 

ROo ROo 

RO, RO, 

RO» RO, 

RO3 RO3 

Rio Rilo 

R1, R1, 

R12 R1, 

R13 R13 

R20 R29 

R2, R2, 

R22 R2, 

R23 R23 

R30 R30 

R3; R3, 
R32/INTo 2417] R42/SO R32/INTo 24 J R42/SO 
R33/INT, 231 J R4,/S! R33/INT, 23{ ] R4,/s! 

22|_]| R4,/SCK 22[_} R4./SCK 


(DC-42P) (DC-42P) 
(Top View) (Top View) 





Block Diagram 


R40/R4,/R44/ 


SCK SI SO INT, INTo RESET TEST OSC, OSC) Vee GND 
ON-PACKAGE 


ier = Saeaeeer 


' SERIAL | TIMER | TIMER EXTERNAL 
Lio kale ‘ INTER. SYSTEM CONTROL 
A B 


INTERRUPT 


FACE 
INTERRUPT CONTROL EPROM 
Upper 


oe HN482764 
HN27C64 
HN4827128 


RAM 992 x4 bit ‘shite! HN27128 


HN27256 


ITO Pmt tn ty ete tae tegen pen feb dee fn ep LL LLL 


{ it : 
4 
R4, R4,/ R4,/ R4./ R33/R3> of R3, R30! tR23R22R2, R26 R13R12R1, Rto 1RO3RO,RO, RO! F 
SO si SCK INT, INT, oe 


re-os 


|__| High Voltage Pins 


L. 
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Pin Description 
GND, Vcc, Vaisp (Power) 


These are the power supply pins for the MCU. 
Connect the GND to the ground (0 V) and 
apply the Vcc power supply voltage to the 
Vec pin. The Vaisp pin (multiplexed with RA) 
is a power supply for high-voltage I/O pins 
with maximum voltage of 40 V (Vcc—40 V). 
For details, see Input/Output section. 


TEST (Test) 
TEST is for test purposes only. Connect it to Vcc. 
RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC:, OSC2 (Oscillator Connections) 


OSC; and OSC: are input pins for the internal 
oscillator circuit. They can be connected toa 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 


Do-Di4 (D Port) 


The D port is an input/output port addressed 
by the bit. These 16 pins are all input/output 
pins. Do to D3 are standard and D4 to Dia are 


Functional Description 
ROM Memory Map 


ROM is described in the following paragraphs 
and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


Zero-Page Subroutine Area ($0000 to 
SO0O03F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area (S0000 to SOFFF): Locations 
$0000 through $O0FFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 


high-voltage pins: The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output section. 


ROo-RO3, Rio-R13, R20-R23, R30-R33, R4o- 
R43, RA: (R Ports) 


RO to R4 are 4-bit I/O ports. RA is a 1-bit port. 
RO is an output port, RA an input port, and R1 
to R4 I/O ports. RO, R1, R2, and RA are high- 
voltage ports, and R3 and R4 are standard 
ports. Each pin has a mask option which 
selects its circuit type. The pins R32, R33, R4o. 
R4; and R42 are multiplexed with INTo, INT, 
SCK, SI and SO respectively. For details, see 
Input/ Output section. 








INTo, INT: (Interrupts) 


INTo and INT; are external interrupts for the 
MCU. INT; can be used as an external event 
input pin for timer B. INTo and INT; are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 





SCK, SI, SO 


The transfer clock I/O pin (SCK), serial data 
input pin (SI) and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R4, R4: and R42 
respectively. For details, see Serial interface. 


Program Area 
$0000 to S1FFF : HD40P4281 
$0000 to S3FFF : HD40P42161 


RAM Memory Map 


The MCU includes 992 digits of 4-bits RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 


Interrupt Control Bit Area (S000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 
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Special Function Registers Area (S004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter- 
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 


three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 
instructions. 





EPROM Address 
























soooo f[ijl}o. o O . bit4 . bit3 | bit2 . bitt 
$0001 {II{] 0 bit9 . bit8 . bit? | bit6 
Vector Address 
$OO1F 
$0020 
Zero-Page Subroutine 
(64 Words) 
$007F 
$0080 
Pattern 
(4096 Words) 
$ 1FFF 
$2000 
Program 
(8192 Words) 
$ 3FFF 
Not used 
(Set to “111”) 





lower 5 bits 
upper 5 bits 









MCU ROM Address 










$0000 
$0001 

$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$O000A 
$000B 
$000C 
$000D 
$000E 

$ OOOF 





JMPL Instruction 
(Jump to RESET Routine) 


JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) 





} s0000 









$ OOOF 
$0010 













JMPL Instruction 
(Jump to TIMER-B Routine) 






$ 1FFF 


(HD40P42161) 


EPROM Address 





















soooo [{i}}o, 0 , oO | bits , bit3 | bit2 | ditt | bitO | 

$0001 {li{lo. 0 bit9 . bit8 . bit? | bit6 | bi 
Vector Address 

$001F 

$0020 





Zera-Page Subroutine 
(64 Words) 


| $O07F 


ARAN Kl 


Pattern 
(4096 Words) 


Program 
(16384 Words) 


Not used 
(Set to “111") 













MCU ROM Address 

















lower 5 bits $0000 JMPL instruction $0000 
upper 5 bits (Jump to RESET Routine) $0001 
JMPL Instruction $0002 
(Jump to INTo Routine) $0003 
JMPL Instruction $0004 
(Jump to INT} Routine) $0005 
JMPL Instruction $0006 
(Jump to TIMER-A Routine) $0007 
JMPL Instruction $0008 


$003F | (Jump to TIMER-B Routine) | $0009 | 


GNnAN SONOA 


www 


P| $0008 
JMPL Instruction $000C 
(Jump to SERIAL Routine) $0000 





(HD40P4281) 





Figure 1. ROM Memory Map 
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$ 000 


$001 
| $ 002 










RAM-mapped Registers 





interrupt Control Bits 

















31] 

32 $ 003 
7 4 a eee Ree ee re a ee \ 4| Port Mode Reg. (PMR)) W1$004 
ne 5} Serial Mode Reg. (SMR); W } $005 





$ 006 
$ 007 


[Timer Mode Reg. A (TMA)! w | $008 
Timer Mode Reg. 8 (TMB)! w | $009 


m1 \ 
wien ee (TOBL/TLRL!R/W $ OOA 
(TCBU/TLRU)!R/W] $ 00B 


$ OOC 
Not Used 


“Two registers are mapped on same address. 


net ever Contes tR Timer page e9. Lower Tw]sooa 
Timer/Event Counter Timer Load Reg. Upper ! 
B Upper (TCBU rR TLRU »W1$00B 


6 
7 
8 
9 


















(928 Digits) 


















$ 3BF 
$ 3CO 





Stack 
(64 Digits) 





$ O1F 







$ 3FF 


R___: Read Only 10 
W_ : Write Only 


R/W: Read/Write mM 





Figure 2. RAM Memory Map 


IMO IFO RSP /E 
(IM of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 





IMTA IFTA IM 1 (F1 
(IM of TIMER A) (IF of TIMER A) (IM of INT) (IF of INT;) 





IMTB IFTB 


Not Used Not Used ; 
(IM of Timer B) (IF of Timer B) 





IMS IFS 


Not Used Not Used 
(IM of SERIAL) (IF of SERIAL) 


Interrupt Request Flag 

Interrupt Mask 

Interrupt Enable Flag 

Stack Pointer 

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 

The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction. 





Figure 3. Configuration of Interrupt Control Bit Area 
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Data Area ($020 to S3BF): 16 digits of $020 
through $02F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 


Stack Area ($3C0 to $3FF): Locations $3C0 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su- 
broutine call (CAL-instruction, CALL- 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 


Registers and Flags 


The MCU has nine registers and two flags for 
the CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memorties, I/O, and other regis- 
ters. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The W register is a 2-bit, and the X 


and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis- 
ter is a write-only register. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 


Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack and res- 
tored back from the stack by a RTNI instruc- 
tion, but not by a RTN instruction. 





Memory Registers 


Stack Area 





960] Level 16 }$3C0O 


Level 15 
Level 14 


‘Level 13 
Level 12 
| Level 11 | 
Level 10 





PC:i3 to PCo: Program Counter 
ST: Status 
CA: Carry 


bit 3 bit 2 bit 1 bit O 








Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trols the sequence in which the instructions 
stored in ROM are executed. 


Stack Pointer (SP): The stack pointer (SP) is 
used to point the address of the next stacking 
area (up to 16 levels). 


The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and _ in- 
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 


The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 


Interrupt 
Five interrupt sources are available on the 


MCU: external requests (INTo, INT)), timer/ 
counter (timer A, timer B), and serial interface 
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(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM) and interrupt 
vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control an 
interrupt operations. 


Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 


The interrupt request is generated when the 
IF is set to 1 and IM is O. If the IE is 1 at this 
time, the interrupt will be activated and 





ie) ee) 
; 


Ww 


’ 


ie) 
; 


1G) 


v 
: 


Accumulator 


© 


B Register 


—_ 
©) 


W W Register 


ie 


X Register 


Y Register 
O 
SPX SPX Register 
OQ 
SPY SPY Register 


CA] Carry Flag 


Status Flag 


Program Counter 


2 0 
fafajifaj sp Stack Pointer 


Figure 5. Registers and Flags 
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Table 1. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET os $0000 
INTo 1 $0002 
INT; 2 $0004 
Timer A 3 $0006 
Timer B 4 $0008 
SERIAL 5 SO00C 


Sequence Control | 

* Push PC/CA/ST 

* Reset 1/E 

* Jump to Vector 
Address 


3 
—s 

OQ 
mS 

oO 


— 
ol 


=e, 
OQ 
o) 
(e) 


Vector Address 


Priority Control PLA 


a8 
° 


i 


$001, 
IFTA 


nN 


SE 
> — 


\e) 
fe) 
NS) 
ro) 


SIS| a 
Sle} 3 
oN] @ 





Figure 6. Interrupt Control Circuit Block Diagram 


© HITACHI 
558 Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 ¢ (415) 589-8300 


vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 
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In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INT:): The 
external interrupt request inputs (INTo, INT:) 





Table 2. Conditions of Interrupt Service 


























Interrupt Control Bit INTo INT, Timer A Timer B Serial 
I/E 1 1 1 1 1 
IFO - IMO 1 0 0 0 0 
IF1-IM1 oS 1 0 0 0 
IFTA - IMTA * x 1 0 O 
IFTB - IMTB ** x x 1 O 
IFS - IMS x x x x 1 


Instruction 
Cycles 


Instruction 
execution 


Stacking, SIBEKING 


Reset of I/E 


Interrupt 
accepted 





Figure 7. 


Vector address 
is generated 


* Don't care 


JMPL instruction execution on the 
vector address 


Instruction 
execution at 
Starting address 
of the interrupt 
routine 


Interrupt Servicing Sequence 
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can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INTi pin and R32/INTo pin to be 
used as INT, pin and INTo pin respectively. 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INT» and INT; 
inputs. (Refer to table 4.) 


The INT; input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of. the INT; input. When 
using INT; as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT; will not be 
accepted. (Refer to table 5.) 


Table 3. Interrupt Enable Flag 


External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT: inputs 
respectively. 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/INTo pin, R33/INT; pin, 
R4,/SI pin, and R42/SO pin as shown in table 
6. The port mode register will be initialized to 
$0 by MCU reset. These pins are therefore 
initially used as ports. 


Table 6. Port Mode Register 




















Interrupt Enable Flag Interrupt Enable/Disable PMR3 R33/INT, Pin 
0 Disable 0 Used as R33 port input/output pin 
1 Enable 1 Used as INT, input pin 7 
Table 4. External Interrupt Request 
Flag PMR2 ——R32/INTo Pin 
External Interrupt Request Flags Interrupt Requests 0 Used as R32 port input/output pin 
0 No 1 Used as INTo input pin 
1 Yes 
Table 5. External Interrupt Mask PMR1 R4,/SI Pin 
External Interrupt Masks Interrupt Requests 0 Used as R4; port input/output pin 
0 Enable 1 Used as SI input pin 
1 Disable (masks) 
PMRO R4/SO Pin 
0 Used as R42 port input/output pin 
1 Used as SO output pin 
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Interrupt Yes 


Request 







Execute 
Instruction 


PC—(PC)+1 














1/E-— O 


Stack<(PC) 
Stack+(CA) 
Stack—(ST) 





PC+-$ 0002 


PC--$ 0004 


PC-$ 0006 


PC--$ 0008 
No 
PC+-$ O00C 
(Serial Interrupt) 


Interrupt Servicing Flowchart 









Timer B 
IerUpe 
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Serial Interface 


The serial interface is used to transmit/ 
receive 8-bit data serially. This consists of the 
serial data register, the serial mode register, 
the octal counter and the multiplexer as 
illustrated in figure 9. Pin R4o/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
serial data register can be written into or 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 

STS instruction is used to initiate serial inter- 
face operations and to reset the octal counter 
to $0. The counter starts to count at the fall- 
ing edge of the transfer clock (SCK) signal 
and increments by one at the rising edge of 
the SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter- 
rupt request flag will be set. 





Serial Mode Register (SMR: S005): The 4- 
bit write-only serial mode register controls 
the R4./SCK, prescaler divide ratio, and 


transfer clock source as shown in table 7. 
The write signal to the serial mode register 
controls the operating state of the serial 
interface. 

The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane- 
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 

Contents of the serial mode register will be 
changed on the second instruction cycle after 
writing into the serial mode register. There- 
fore, it will be necessary to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 


Serial Data Register (SDR: $006, SRU: 
$007): The 8-bit read/write serial data regis- 
ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 

The data in the serial data register will be 












Prescaler (1 1bit) 














SMR bit) PMR (4 bit) | 
| Serial Mode Port Mode 
PEG REG. 
4 


SCK 1 


Internal Bus Line (S2) Re 2 


Port Port 
mx 


Serial MPX : ar M 


OC (3 bit) 
Octal 
_Counter_ 

























Interrupt 
Request Flag 












Internal Bus Line (S1) 
Ce 2 


SR (8 bit) 
Serial Data Register 
Le 2. 


Internal Bus line (S2) 









R42/SO 
Port 





Figure 9. Serial Interface Block Diagram 
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output from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data will be input from the SI pin to 
the serial data register, to MSB first, 
synchronously with the rising edge of the 
transfer clock. Figure 10 shows the I/O timing 
chart for the transfer clock signal and the 
data. 

The read/write operations of the serial data 
register should be performed after the com- 
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 


Serial Interrupt Request Flag (IFS: $003 


bit 0): The serial Interrupt request flag will 
be set when the octal counter counts eight 


Table 7. Serial Mode Register 


SMR3 R40/SCK 


O Used as R409 port input/output pin 





1 Used as SCK input/output pin 
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transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8. 


Serial Interrupt Mask (IMS: $003 bit 1): 
The serial Interrupt mask masks the interrupt 
request. Refer to table 9. 


Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 
Initialize the serial interface by the write 
signal to the serial mode register, when the 
operation mode is changed. 


Transfer Clock 


























Prescaler System Clock 
SMR2 SMR1 SMRO R4)0/SCK Port Clock Source Divide Ratio Divide Ratio 
O O O SCkK Prescaler + 2048 + 4096 
Output 
0 0 1 ei Prescaler + 512 * 1024 
Output 
0 1 0 Deis Prescaler + 128 + 256 
Output 
SCK 
O 1 1 Output Prescaler + 32 64 
SCK 
1 O O Output Prescaler 8 16 
SCK 
1 O 1 Output Prescaler 2 4 
SCK System = 6 
: ” Output Clock ! 
1 1 1 SCK External _ = 
Input Clock 
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Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 

The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by changing the operation mode 
through a change in the data in the port 
mode register, or by writing data into the 
serial mode register. In this state, the serial 
interface does not operate even if the transfer 
clock is applied. If an STS instruction is 
executed, the serial interface shifts to SCK 
waiting state. 

In this state the falling edge of the first trans- 
fer clock causes the serial interface shift to 
transfer state, while the Octal Counter 
counts-up and the serial data register shifts 
simultaneously. As an exception, if the clock 
continuous output mode is selected, the serial 
interface stays in SCK waiting state while the 


transfer clock outputs continuously. 

The octal counter becomes 000 again by 8 
transfer clocks or by execution of STS 
instruction, so that the serial interface returns 
to SCK waiting state, and the serial interrupt 
request flag is set simultaneously. 

When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stops 
after 8 clocks. 


Example of Transfer Clock Error Detec- 
tion: The serial interface functions abnor- 
mally when the transfer clock is disturbed by 
external noises. In this case, transfer clock 
error can be detected by the procedure 
shown in figure 12. 

If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts as the following sequence: 
first, transfer state, second, SCK waiting state 
and third, transfer state again. The serial 





Table 8. Serial Interrupt Request Flag 
Serial Interrupt Request Flag Interrupt Request 
0 No 


| Yes 


Table 9. Serial Interrupt Mask 


Serial Interrupt Mask Interrupt Request 
0 Enable 


1 Disable (Mask) 


Table 10. Serial 


Interface Operation 


Mode 
Serial Interface 
SMR3 PMR1 PMRO Operating Mode 
1 O O Clock Continuous 
Output Mode 
1 O 1 Transmit Mode 
1 1 O Receive Mode 


Transmit/Receive 
Mode 





Transfer 


Pa PF? Fl Fy) OO 


a | UUU UU 


Serial 
Output 
Data 





T ©6 oY ! ] ! ! ! ' 
A l | | i i 


8 





Serial Input 
Data 
Latch Timing 


Figure 10. Serial Interface I/O Timing Chart 
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Change PMR means the change of 
operation mode as below: 


| Clock - Transmit Mode ; 7 
Continuous * Receive Mode STS Waiting State 


Output Mode] | - Transmit/Receive Cie Counter =O00 


Transfer Clock Disable Change PMR* 


Transfer Clock 


SCK Waiting State Transfer State 
8 Transfer Clocks, 
STS Instruction 


(IFS<-1) 


(Octal Counter = 000) (Octal Counter #000) 





Figure 11. Serial Interface Operation State 


Transmit/Receive 
(IFS<—1) 


Interrupt 
Disable 


Write to 
SMR 


Transfer Clock 
Error Processing 





Figure 12. Example of Transfer Clock Error Detection 
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Interrupt flag should be reset before entering 
into the STS state by writing data to SMR. 
This procudure causes the serial Interface 
Request Flag to be set again. 


Timer 


The MCU contains a prescaler and a timer/ 
counter (timer A, timer B, figure 13) whose 
functions are the same as HMCS424C'’s. The 
prescaler is an 11-bit binary counter, timer A 
an 8-bit free-running timer/counter and timer 
B is an 8-bit auto-reload timer/event counter. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer A, timer B, and the serial inter- 
face. The prescaler divide ratio is selected by 
the timer mode register A (TMA), timer mode 
register B (TMB), and serial mode register 
(SMR). 


Timer Mode Register B 


Abit) 


N 
“ 
ole] ole 


Prescaler (11 


A pil ir 
Lf de 


ro) 
te Pole Pele fofe f. 
Timer A MPX 
3 
TMA (3bit) 


Timer Mode Register A 


° 
Timer B MAX 


TLR (8bit) 
Timer Load Register 





Timer A Operation: After timer A is initial- 
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A is counted up 
to $FF, timer A is set to $00 again, and 
generating overflow output. This leads to 
setting timer A interruput request flag (IFTA: 
$001, bit 2) to 1. Therefore, this timer can 
function as an interval timer periodically 
generating overflow output at every 256th 
clock signal input. 

The clock input signals to timer A are 


-selected by the timer mode register A (TMA: 


$008). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT:i as INT; and 
set the external interrupt mask (IM1) to pre- 
vent an external interrupt request from oc- 
curring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 


Internal Bus Line (S1) 


TL (4bit) 4 
Timer Latch 
REG. 


TCB (8bit) TBOF \FTB 
Timer/Event Counter B 


Interrupt 
Request Flag 
of Timer B 


4 4 


Internal Bus Line 


TCA (8bit) 
Timer Counter A 


interrupt 
Request FIAg 
of Timer A 


Figure 13. Timer Block Diagram 
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ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 
reload function is selected timer B is initial- 
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 


Timer Mode Register A (TMA: $008): The 
timer mode register A is a 3-bit write-only 
register. The TMA controls the prescaler 
divide ratio of timer A clock input, as shown 
in Table 11. 

The timer mode register A is initialized to $0 
by MCU reset. 


Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write- 
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 12. The timer mode register B is initial- 
ized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 


I 
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TMB are changed. Configuration and function 
of timer mode register B is shown in figure 14. 


Timer B (TCBL: SOOA, TCBU: SOOB, TLRL: 
SO0A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 


Timer A Interrupt Request Flag (IFTA: 
$001 bit 2): The timer A interrupt request 
flag is set by the overflow output to time A 
(table 13). 





Table 11. Timer Mode Register A 





























Table 12. Timer Mode Register B 














TMA2 TMA1 TMAO Prescaler Divide Ratio TMB3 Auto-reload Function 
O 0 O + 2048 0 No 
O 0 1 + 1024 1 Yes 
0 1 O + 512 
0 1 1 = 128 Prescaler Divide Ratio, 
; 0 O ie 39 TMB2 TMB1 TMBO Clock Input Source 
; 0 ; 2 3 7 O 0 O + 2048 
; , 0 if A O O 1 7 512 
, , ; 4 ; O 1 O = 128 
O 1 1 = 32 
1 O 0 = 8 
1 0 1 = 4 
1 1 O = 2 
1 1 1 INT, (External Event Input) 
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Timer A Interrupt Mask (IMTA: $001 bit flag is set by the overflow output of timer B 


3): Timer A interrupt mask prevents an (table 15). 7 

interrupt request generated by timer A 

Interrupt request flag (table 14). Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B Interrupt mask prevents an 

Timer B Interrupt Request Flag (IFTB: interrupt request from being generated by 

$002 bit 0): The timer B interrupt request timer B Interrupt request flag (table 16). 





Table 13. Timer A Interrupt Request Table 15. Timer B Interrupt Request 


Flag Flag 
Timer A Interrupt Timer B Interrupt 
Request Flag Interrupt Request Request Flag Interrupt Request 
0 No 0 No 
1 Yes 1 | Yes 
Table 14. Timer A Interrupt Mask Table 16. Timer B Interrupt Mask 
Timer A Interrpt Mask  Interrrupt Request Timer B Interrupt Mask Interrupt Request 


O Enable O Enable 


1 Disable (Mask) 1 Disable (Mask) 












SMR: $005 


— Transfer clock selection 


R4,./SCK pin mode selection 


PMR: $004 









R4,/SO pin mode selection 






R4,/S! pin mode selection 


R32/INTo pin mode selection 





R33/INT; pin mode selection 


TMA: $008 __TMB: $009 
ped TMA2 | TMA1| TMAO TMB3 | TMB2 


ae Timer B input clock selection 


Auto-reload function selection 


Timer A input clock selection 





Figure 14. Mode Register Configuration and Function 
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Input/Output 


The MCU has 50 I/O pins, 12 standard with- 
out pull-up MOS (NMOS open drain) and 24 
high voltage without pull-down MOS (PMOS 
open drain). See table 17 as for I/O pin circuit 


types. 


When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 18. 


D Port: The D port is an I/O port which has 15 
discrete I/O pins, each of which can be ad- 
dressed independently. It can be set/reset 
through SED/RED and SEDD/REDD instruc- 
tions, and can be tested through TD and TDD 
instructions. See table 17 as for the classifica- 
tion of standard pin, high-voltage pin, and the 
I/O pin circuit types. 


R Ports: The six R ports in the MCU are 


composed of 16 I/O pins, 4 output-only pins, 
and 1 input-only pin. Data is input through 


Table 17. I/O Pin Circuit Types 


HD40P4281/HD40P42161 


LAR and LBR instructions and output 
through LRA and LBB instructions. The MCU 
will not be affected by writing into the input- 
only and/or non-existing ports, while invalid 
data will be read by reading from the output- 
only and/or non-existing ports. 


The R32, R33, R40, R41, and R42 pins are multi- 
plexed with the INTo, INT:, SCK, SI, and SO 
pins respectively. See table 17 as for the clas- 
sification of standard pins, high-voltage pins 
and selectable circuit types of these I/O pins. 





Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy trc for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 


Table 19 shows the parts initialized by MCU 
reset, and the status of each. 


Without pull-up MOS (NMOS open drain) | Applicable pins 


1/0 Common Pins 


” 
£ 
0. 
TS 

he 

© 
TS 
= 
® 
ww 
7] 











Input pins 
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Without pull-down MOS (PMOS open drain), Applicable pins 


1/0 Common Pins 


” 
£ 
a. 
© 
D 
S 
= 
io) 
> 
< 
2 
<= 


Input Pins 





Note: 1. In the stop mode, HLT signal is O, HLT signal is 1 and !/O pins are in high impedance. 


Table 18. Data Input from Input/Output Common Pins 


I/O Pin Circuit Type Input Possible input Pin State 
Standard Pins Without pull-up MOS y , 
(NMOS open drain) o 
High Voltage Pins Without pull-down MOS y 0 
es 
{(PMOS open drain) 
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Table 19. Initial Value After MCU Reset 
Initial Value by 
Items MICU Reset Contents 
Program Counter (PC) $0000 Execute program from the top of ROM 
address 
Status (ST) 1 Enable to branch with conditional branch 
instructions 
Stack Pointer (SP) $3FF Stack level is O 
1/O Pin Standard Pin Without Pull-Up 0 Enable to input 
Output Register MOS 
High Voltage Without Pull- O Enable to input 
Pin Down MOS 
Interrupt Flag Interrupt Enable Flag (I/E) O Inhibit all interrupts 
Interrupt Request Flag (IF) O No interrupt request 
Interrupt Mask (IM) 1 Mask interrupt request 
Mode Register Port Mode Register (PMR) 0000 See port mode register 
Serial Mode Register (SMR) OOOO See serial mode register 
Timer Mode Register A (TMA) OOO See timer mode register A 
Timer Mode Register B (TMB) OOOO See timer mode register B 
Timer/Counter Prescaler $000 ee 
Timer/Counter A (TCA) $00 = 


Timer/Event Counter B (TCB) $00 = 
Timer Load Register (TLR) $00 an 





Octal Counter 000 = 


Note: MCU reset affects the rest of registers an follows: 


After recovering from STOP After MCU reset except for 


item mode by MCU reset the left condition 
Carry (CA) The contents of the items before | The contents of the items before 
ocurnlatar (A) MCU reset are not retained. MCU reset are not retained. 
It is necessary to initialize them by It is necessary to initialize them by 
B Register (B) software. software. 
W Register (W) 
X/SPX Registers (X/SPX) 
Y/SPY Registers (Y/SPY) 
Serial Data Register (SR) 
RAM The contents of RAM _ before Same as above 


MCU reset (just before STOP 
instruction) are retained. 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 571 





HD40P4281/HD40P42161 


Internal Oscillator Circuit selected as the oscillator type. Refer to table 

20 for selection of the type. In addition, see 
Figure 15 outlines the internal oscillator cir- figure 16 for the layout of the crystal or 
cuit. Without mask option, either crystal os- ceramic filter. In all cases, external clock 
cillator or ceramic filter oscillator can be operation is available. 


Divider Timing 
Oscillator circuit generator 


1 /8 circuit 





Figure 15. Internal Oscillator Circuit 





Figure 16. Layout of Crystal and Ceramic Filter 
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Table 20. Examples of Oscillator Circuits 


Circuit Configuration Circuit Constants 


Oscillator 













External 
Clock 
Operation 










OSC 






Open—OSC2 












Ceramic filter: CSA 8.O0OMT (Murata) 
Re: 1MQ + 20% 
Ci: 30pF + 20% 
Co: 30pF + 20% 







Ceramic 
Filter 
Oscillator 







Ceramic 
filter 


















Crystal: 8.388608 (MHz) 
NC-18 (Nihon Denpa Kogyo) 

Re: 1MQ + 2% 

Ci: 10pF + 20% 

C2: 10pF + 20% 
Crystal: AT cut parallel resonance crystal 

Co: 7pF max. 

Rs: 1002 max. 

f: 1.0~9.0 MHz 


Crystal 
Oscillator 

















AT cut parallel 
resonance Crystal 


oscie L C1 Rs feosc. 


Co 





Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended by 
the crystal or ceramic filter maker. The circuit parameters are changed by crystal, ceramic 
filter resonator, and the floating capacitance in designing the board. In employing the 
resonator, please consult with the engineers of the crystal or ceramic filter maker to deter- 
mine the circuit parameter. 

2. Wiring between OSC;, OSC2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 17). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
21). Figure 17 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 


tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 


Table 21. Low Power Dissipation Mode Function 


Low Power 


Dissipation Oscillator Instruction Register, 

Mode Instruction Circuit Execution Flag 

Standby mode SBY Active Stop Retained 
instruction 

Stop mode STOP Stop Stop RESET 1 . 


instruction 


Condition 
Timer/ 
Input/ Counter, 
Interrupt Output Serial Recovery 
Function RAM Pin Interface Method 
Active Retained Retained 2. Active RESET 
input, 
interrupt 
request 
Stop Retained High Stop RESET 
impedance input 


Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 18 for the contents of 


the flags and registers. 


2. As an I/O circuit is active, an I|/O current may flow, depending on the state of I/O pin in 
standby mode. This is the additional current to the current dissipation in standby mode. 


ow Toe A 
Sianavy 


Active 





Figure 17. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 


Figure 18 shows the flowchart of the standby 
mode. 


Oscillator Active 

Peripheral Clocks 
Active 

All Other Clocks 

Stop 


HD40P4281/HD40P42161 


Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to trc for oscil- 
lation to stabilize. (Refer to AC Characteris- 
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y/SPY registers, and car- 
ry May not retain their contents. 





co Ase 
ex SPS 
S 


Restart 
Processor Clocks 


Restart 
Processor Clocks 


(A) (8) 
Reset MCU Execute 
Instruction 
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No 


TYes (c) 


Interrupt 
Accept 


Figure 18. MCU Operating Flowchart in Standby Mode 
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RAM Addressing Mode 


As shown in Figure 20, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 21. 


Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC») 
with the 8-bit immediate data. 


When BR is on page boundary (256n + 255) 
(figure 22), executing a BR instruction trans- 
fers the PC contents to the next page accord- 
ing to the hardware architecture. Conse- 
quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 


pages. 


zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low-order six bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PCi3 to 
PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 23). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B Register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 





aa aaa aa aaa a ca | 


t Stop mode 


FILS 
Internal clock 


RESET —— 


STOP instruction execution 


Dec UMIAUUNIUAAUAUEDUOUUVATUOAAOAAOUAV UAHA 


tres 


(more than stabilization time: trac) 





Figure 19. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 
(EN ee N 
we} wo] [x2 fxs f xe vo] ve] ve | ve | 


Register Indirect Addressing 









RAM Address 





Instruction 1st Word Instruction 2nd Word 


Dd ey Et ee et ee Ne PE Oe ee Ee dS eee ee We ee ie oy 


Direct Addressing 










RAM Address 





Instruction 


RAM Address 





aes rear] are are] ar ara as] APs [ary 


Memory Register Addressing 


Figure 20. RAM Addressing Mode 
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Instruction 1st Word Instruction 2nd Word 





Program Counter ]PC13 PCiz2 PCi1 PCio PCo PCa PC7 PCe PCs PCa PC3 PC2 PC: PCo 





Current Page Addressing 


Instruction 





Program Counter |PC13PCi2PC11 PCio PCa PCs PC7 PCs PCs PC4 PC3 PC2 PC: PCo 


Zero Page Addressing 


Instruction 
B Register Accumulator 


As Az Ai Ao 


Program Counter|PCi3PCi12 PC11PCi0o PC9 PCs PC7 PCe PCs PC4 PC3 PC2 PC: PCo 


Table Data Addressing 





Figure 21. ROM Addressing Mode 
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256(n—1)+255 
BR AAA 256n 


AAA NOP 


256n+254 
256n+255 
256(n+1) 


BBB NOP 





Figure 22. The Branch Destination by BR Instruction on the Boundary between Pages 


Instruction 


B Register Accumulator 


Bo | As A2 Ai 


If ROs=1 


Output Register R1, R2 }R23 R22 R21 R20|/R13 R12 R11 Rilo If ROo=1 


Figure 23. P Instruction 
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Instruction Set 


The HD40P4281/HD40P42161 provide 101 
instructions which are classified into 10 
groups as follows; 


OANA 





Arithmetic instruction 

Compare instruction 

RAM bit manipulation instruction 
ROM address instruction 
Input/output instruction 





1. Immediate instruction 10. Control instruction 
2. Register-to-register instruction 
3. RAM address instruction Tables 22-31 list their functions, and table 32 
4. RAM register instruction is an opcode map. 
Table 22. Immediate Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI i 1000 1 1 i3 i2 11 i9 1 -*A 1/1 
Load B from Immediate LBI i 1000 0 0 i3 ig 4 i9[ 1 -* B 1/1 
Load Memory from LMID i,d 01101 O ig i2 i1 ig i-+M 2/2 
Immediate dg dg d7 dg ds da d3 do di do 
Load Memory from LMIIY i 101 0 0 1 ig ig iy i9 1 *M, Y+1 +Y NZ. 1/1 
Immediate, Increment Y 
Table 23. Register-to-Register Instructions 
. Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 B-A 1/1 
Load B froomA LBA 00110031000 A>+B 1/1 
Load A from W LAW 0100000000 WA 2/2 Note 
000000000 0 
Load A from Y LAY 0010101111 YA 1/1 
Load A from SPX LASPX 00011031000 SPX +A 1/1 
Load A from SPY LASPY 0001011000 SPY “A 1/1 
Load A from MR LAMR m 1001 1 1mmm mm MRim)-A 1/1 
Exchange MR and A XMRA m 101 11 1 mmmm MRim-A 1/1 


Note: An operand is provided for the second word of LAW and LWA instruction by the assembler 
automatically. 
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Table 24. RAM Address Instructions 




















Operation Mnemonic Operation Code Function 
Load W from Immediate LWI i 0011141100 i; i9 i + W 
Load X from Immediate LX] i 1 0 00 1 0 ig i2 iy io i +X 
Load Y from Immediate LVI i 1000 0 1 i3 i2 1 ip 1 * Y 
Load W from A LWA 01000 1 0000 A +W 
0000000000 

ead Crom a LXA 00131101000 A+X 
Load Y from A LYA 00110311000 A +Y 
Increment Y lY 0001011100 Y+1 +¥Y 
Decrement Y DY 0-0 Ta -O0 4 TA a ONT ey 
Add A to Y AYY 00010103100 YtA-¥Y 
Subtract A from Y SYY 00110103100 Y-A::+¥ 
FRenaigeocand SPX XSPX 0000000001 X-+ SPX 
Exchange Y and SPY XSPY 0000000010 Y-+ SPY 
Exchange X and SPX,Y XSPXY 000000001 1 X+SPX, Y~SPY 


and SPY 
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Status 


NZ 


NB 


OVF 


NB 


Words/ 
Cycles 


1/1 
1/1 
1/1 





2/2 Note 


1/1 
1/1 
1/1 





1/1 
1/1 
1/1 
1/1 
1/1 


1/1 





Note: 
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Table 25. RAM Register Instructions 


Words/ 

Operation Mnemonic Operation Code Function Status Cycles 
Load A from Memory LAM(XY) 001003100 y x M-A, (X-SPX, Y-SPY) 1/1 
Load A from Memory LAMD d 0110010000 M-~-A 2/2 

dg dg d7 dg ds dg d3 d2 d; do 
Load B from Memory LBM(XY) 00010000 y x M-B, (X-SPX, Y-SPY) 1/1 
Load Memory from A LMA(XY) 00100101 y x AM, (X-SPX, Y-SPY) 1/1 
Load Memory from A LMAD d 0110010100 A>M 2/2 

dg dg d7 dg ds dq d3 d2 di do 
Load Memory from A, LMAIY(X) 000101000 x AM, ¥+1-Y¥ (X-SPX) NZ 1/1 
Increment Y 
Load Memory from A, LMADY(X) 0011031000 x A~M, Y-1-Y¥ (X—SPX) NB 1/1 
Decrement Y 
Exchange Memory and A XMA(XY) 00100000 y x MA, (X-SPX, Y-SPY) 1/1 
Exchange Memory and A XMAD d 0110000000 MneA 2/2 

dg dg d7 dg ds d4 d3 do dj do 
Exchange Memory and B XMB(XY) 001%10000y x M-+B, (X-SPX, Y-SPY) 1/1 


Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 
LAM (XY) is given, below). 


Mnemonic y x Function 

LAM Oo. 606—O 

LAMX 0 1 X + SPX 

LAMY 1 ¢) Y ~ SPY 
LAMXY 1 1 X-+SPX, Y~SPY 


(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 


Mnemonic x Function 
LMAIY O 
LMAIYX 1 X + SPX 
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Table 26. Arithmetic Instructions 


Operation 

Add Immediate to A 
Increment B 

Decrement B 

Decimal Adjust for Addition 
Decimal Adjust for Subtraction 
Negate A 

Complement B 

Rotate Right A with Carry 
Rotate Left A with Carry 
Set Carry 

Reset Carry 

Test Carry 

Add A to Memory 


Add A to Memory 


Add A to Memory with Carry 


Add A to Memory with Carry 


Subtract A from Memory 
with Carry 


Subtract A from Memory 
with Carry 


OR A and B 
AND Memory with A 


AND Memory with A 


OR Memory with A 


OR Memory with A 


EOR Memory with A 


EOR Memory with A 


Note: 


Ninemonic 


Al i 

IB 

DB 
DAA 
DAS 
NEGA 
COMB 
ROTR 
ROTL 
SEC 
REC 
TC 
AM 


AMD d 


AMC 


AMCD d 


SMC 


SMCD d 


OR 
ANM 


ANMD d 


ORM 


ORMD d 


EORM 
EORMD d 


N : Logical AND 
U : Logical OR 


@® : Exclusive OR 


Operation Code 
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101 00 0 ig iz iy ip 
0001001100 
0011001171 ~=1 
0010100110 
0010101010 
0001100000 
0101000000 
0010100000 
0010100001 
00111011 1~=41 
001171101 10 0 
0001101 1 71 «7 
0000001000 
0100001000 
dg dg d7 dg ds dq d3 d2 di do 
0000011000 
0100011000 
dg dg d7 de ds d4 d3 d2 di do 
0010011000 
0110011000 
dg dg d7 dg ds dg d3 d2 di do 
0101000100 
0010011100 
0110011100 
dg dg d7 de ds dg d3 do di do 
0000001100 
0100001100 
dg dg d7 de ds d4 d3 do dj do 
0000011100 
0100011100 


dg dg d7 dg ds dg d3 do d; do 
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Function 
At+i--A 
B+1--B 


B-1-+B 


A+1 A 


D| 
+ 
Lvs) 


1 +CA 


M+tA-A 


M+A-A 


M+A+CA -~A 


OVF --CA 


M+A+CA--A 


OVF-CA 


M-A-CA +A 


NB-CA 


M—A-CA—A 


NB -+CA 
AUB--A 
ANM-A 


ANM-A 


AUM-A 


AUM~A 


A®M-A 


A®M~A 


Status 


OVF 


NZ 


NB 


CA 
OVF 


OVF 


OVF 


OVF 


NB 


NB 


NZ 


NZ 


NZ 


NZ 


NZ 


NZ 
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Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


2/2 


1/1 


2/2 


1/1 


2/2 


1/1 
V/1 


2/2 


1/1 


2/2 


/1 


2/2 
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Table 27. Compare Instructions 


Operation 


Immediate Not Equal 
to Memory 


Immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory 


B Not Equal to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


Immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to immediate 


Mnemonic 


INEM i 
INEMD i,d 


ANEM 


AMEMD d 


BNEM 
YNEI i 


ILEM 1 
ILEMD i,d 


ALEM 


ALEMD d 


BLEM 


ALE i 


Operation Code 


000 0 1 O ig iz iy 


0100 1 O ig ig iy 
dg dg d7 dg ds dq d3 do dy 
000000010 


010000010 
dg dg d7 dg ds d4 d3 do dy} 


000100010 
00011 1 ig io i 
0:6:0°O 4 4 oii 
01001 1 ig i iy 
dg dg d7 dg ds d4 d3 dz dy 
000001010 


010001010 
dg dg d7 deg ds dy d3 do dy 
001100010 


10101 1 ig ig iy 


Table 28. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 


Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 
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Mnemonic 


SEM n 


SEMD n,d 


REM n 


REMD n,d 


TM on 


TMD n,d 


Operation Code 


00 1 


01100001" 
dg dg d7 dg d5 da d3 do dy 


00 1 


0110001 0n 
dg dg d7 dg ds d4 d3 do d) 


00 1 


0110001 1m 
dg dg d7 dg ds dq d3 do dd) 
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0 


) 
do 


do 


0 


0 


0 
do 


do 


0 


00001mMm 


00010mM1% 


0001 1m 1m 








Words/ 

Function Status Cycles 
iz M NZ 1/1 
iz M NZ 2/2 
A#M NZ 1/1 
A#M NZ 2/2 
B+M NZ 1/1 
Y #i NZ 1/1 
isM NB 1/1 
isM NB 2/2 
As NB 1/1 
As NB 2/2 
BzsM NB 1/1 
Asi NB 1/1 

Words/ 

Function Status Cycles 
1 — M(n) 1/1 
1 » M(n) 2/2 
O -M(n) 1/1 
O — Min) 2/2 
M(n) 1/1 
M(n) 2/2 
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Table 29. ROM Address Instructions 















































Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 bg bs ba b3 bo bi bo 1 1/1 
Long Branch on Status 1 BRL u O10 1 1 1 p3p2Ppi po 1 2/2 

dg dg d7 dg ds dq d3 d2 d; do 
Long Jump Unconditionally JMPL u O10 1 0 1 p3p2Pp1 Po 2/2 
dg dg d7 deg ds dq d3 d2 d; do 
Subroutine Jump on Status 1 CALa O 1 1 1 as aq aj ao aq ao 1 1/2 
Long Subroutine Jump on CALL u O10 1 1 O p3p2Ppi po 1 2/2 
Status 1 dg dg d7 dg ds dq d3 do dy; do 
Table Branch TBR p 001 0 1 1 p3p2 pi po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 0000010001 1 -I/E ST 1/3 
CA Restore 

Table 30. Input/Output Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete |/O Latch SED 00111003100 1 -+ D(Y) 1/1 
Set Discrete 1/O Latch Direc SEDDm 101 1 1 0 mmm mM 1 -~ D(m) 1/1 
Reset Discrete 1/O Latch RED 00011001 0 0 O -- D(Y) 1/1 
Reset Discrete 1/O Latch Direct REDD m 1001 10mg mm mm O -+ D(m) 1/1 
Test Discrete 1/O Latch TD 001110000 0 D(Y) 1/1 
Test Discrete |/O Latch Direct TDD m 10101 Omgmm mM - D(m) thi 
Load A from R Port Register LAR m | 1001 0 1 mm m Mm R(m) ~ A 1/1 
Load B from R Port Register LBRm 10010 O mgm m Mm R(m) -- B 1/1 
Load R Port Register from A LRAm 101 1 0 1 mgm m mM A ~ R(m) 1/1 
Load R Port Register from B LRBm 10110 0mm m™ mM B -+ R(m) 1/1 
Pattern Generation Pp 0110 1 1 p3 p2 Pi Po 1/2 
Table 31. Control Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 174 
Start Serial STS 01010031000 1/1 
Standby Mode SBY 0101001100 1/1 
Stop Mode STOP 0103100110 1 1/1 
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Table 32. Opcode Map 


LS eee eee: Se meeeen er enCeen 
mo[jo[s {2 [3]4[sjej7/slefalelciolelr lols /2]3]4|s/ei7/aiejalalclojelr 
Bl a a eel 


ca 
fd hoo —? a = a a = Pl 


a 
CaO pe 8 ml LL 
aa 









: 
amon) | ema 
el el el 










BERS in neocons 


TBR p(4) 
ie —_‘fisal_ +i 
Lanvin sry iva tv aa e 
ro} foe] = uxal = rec] ~~ Ic . 
= ee _ ae 
5 | 
6 | REDD m(4) 
1 LAMR m(4) a BR b(8) 
8 Al i(4) 
9 LMIIY i(4) 
TOD m(4) 
B ALE! i(4) 
| c LRB_ m(4) WA 
D 


[__}--4-word/2-cycle [_}--1-word/3-cycle [ ]--RAM Direct Address [____|--2-word/2-cycle 
Instruction instruction Instruction instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 





















































Item Symbol Value Unit Note 
Supply Voltage Vec ~0.3to + 7.0 V 
Terminal Voltage Vr —- 0.3 to Vec + 0.3 V 3 
Vec — 45 to Vec + 0.3 V 4 
Total Allowance of Input Current = lo 50 mA 5 
Maximum Input Current lo 15 mA 7,8 
Maximum Output Current — lo 4 mA 9,10 
6 mA 9,11 
30 mA 9,12 
Total Allowance of Output Current — > lo 150 mA 6 
Operating Temperature Topr - 20to + 75 ES 
Storage Temperature Tstg = 55 16°42 125 “C 
Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 
2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input current which flows in from all |/O 
pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out from 
Vec to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each I/O pin to GND. 
8. Do—D3 and R3, R4. 
9. Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 
10. Do—D3 and R3, R4. 
11. RO-R2. 
12. Da—Dia. 
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Electrical Characteristics 


DC Characteristics 


(Vcc = 4.55 — 55 V, GND = OV, Ta = —20°C to + 75°C, unless otherwise noted.) 


item Symbol Pin Min Typ Max Unit Test Condition Note 
Input High Vin RESET, SCK 0.8 Vcc Ver + 0.3 V 
Voltage R32/INTo, 
R33/INT, 
SI 0.7 Vcc Vec + 0.3 V 
OSC, Vec — 0.5 Ver + 0.3 V 
Voltage R32/INTo, 
R33/INT, 
OSC, - 0.3 0.5 V 
Output High Voy SCK, Vec — 1.0 V —- lon = 1.0 mA 
Voltage SO 
Vec — 0.5 V — lon = 0.5 mA 
Output Low VoL SCK, 0.4 V lo. = 1.6 mA 
Voltage SO 
Input/Output — | f 4) RESET,SCK 1 uA Vin = OV to Vcc 1 
Leakage R32/INTo, 
Current R33/INT;, 
S!, SO, 
OSC, 
Current lec Vec TBD mA Vec = 5V; 2,4 
Dissipation in fosc = 8 MHz, + 8 
Active Mode 
Dissipation in fose = 8 MHz, + 8 
Standby Mode 
Dissipation in Vec; Vin(RESET) = 
Stop Mode OVto 0.3 V 
Stop Mode Vstop Vec 2 V 


Retain Voltage 


Notes: 1. Excluding pull-up MOS current and output buffer current. 


2. The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state, operation mode 


- RESET, TEST: Vec 
- Do-D3, R3, R4: Vcc 
° Da-Dia, RO-R2, RAi: Vcc to Vcc — 40 V 


© HITACHI 


588 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 





HD40P4281/HD40P42161 


3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
- MCU in standby mode 
- Input/output in reset state 
- Serial interface: Stop 
- RESET: GND 


> D4-Di4a, RO-R2, RAi: Vcc to Vcc — 40 V 
4. When fose = x MHz, estimate the current dissipation as follows: 
Max value @ x MHz = x/8 X (max value @ 8 MHz) 


Input/Output Characteristics for Standard Pin 


(Vcc = 4.5 — 5.5 V, GND = OV, Ta = —20°C to + 75°C, unless otherwise noted.) 

















item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High ViH Do-D3, 0.7 Vcc Vec + 0.3 ~V 

Voltage R3, R4 

Input Low VIL Do-D3, =0.3 0.3Vcc V 

Voltage R3, R4 

Output Low VoL Do-D3, 0.4 V lo. = 1.6 mA 

Voltage R3, R4 

Input/Output lid Do-D3, 1 uA Vin = OV to Vcc 1 
Leakage Current R3, R4 


Note: 1. Output buffer current are excluded. 
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Input/Output Characteristics for High Voltage Pin 


(Vcc = 4.5 — 5.5 V, GND = OV, Ta = —20°C to + 75°C, unless otherwise noted.) 





item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin D4-Dis5, O.7 Vcc Vec + 0.3 V 
Voltage R1, R2, 
RA, 
Input Low Vib Da-Di5, Vcc — 40 0.3Vcc V 
Voltage Ri, R2, 
RA, 
Output High VoH  Da-Dis = Vee - 3.0 V — lon=15 mA 
Voltage 
Vec — 2.0 V — loo =10 mA 
Vec - 1.0 V —lon= 4mA 
RO-R2 Vc - 3.0 Vv — lon = 3mA 
Vec -— 2.0 V - loo = 2mA 
Vec -— 1.0 V — lon = 0.8 mA 
Output Low VoL Da-Di4, Vec - 37 vy 150kQ to Vcc — 40V 
Voltage RO-R2 
Input/Output Lhd Da-Dia, 20 uA Vin = Veco — 40 V to Vcc 1 
Leakage RO-R2, 
Current RA, 


Note: 1. Output buffer current are excluded. 
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AC Characteristics 
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(Vcc = 4.5 — 5.5 V, GND = OV, Ta = —20°C to + 75°C, unless otherwise noted.) 






























































Test 

item Symbol Pin Min Typ Max Unit Conditions Note 
Oscillation Frequency — fog, OSC, OSCo2 0.4 8 9 MHz divide by 8 
Instruction Cycle toe 0.89 1 20 us divide by 8 
Time 
Oscillator Stabiliza- tac OSC,, OSCo2 20 ms 1 
tion Time 
External Clock tcpH, OSC, 41 ns divide by 8 2 
High, Low tcp 
Level Width 

41 ns divide by 8 2 
External Clock Rise tcp, OSC; 15 ns 2 
Time 
External Clock Fall tcp, OSC, 15 ns 2 
Time 
INTo High Level tion INTo 2 teve 3 
Width 
INTgo Low Level tiot INTo 2 teye 3 
Width 
INT, High Level ti INT, 2 tye 3 
Width 
INT, Low Level tay INT, 2 teyc 3 
Width 
RESET High Level tasty RESET 2 toys 4 
Width 
Input Capacitance Cin All pins Lo pF f =1 MHz, 
RESET Fall Time trstt 20 ms 4 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage Vcc = 4.5 V after power-on, or after RESET goes high. At 
power-on or STOP mode release, RESET must be kept high for at least tac. Since trac depends 
on the crystal or ceramic filter’s circuit constant and stray capacitance, please get the 


manufacturer’s advice when designing the RESET circuit. 
2. See figure 24. 
3. See figure 25. 
4. See figure 26. 
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Serial Interface Timing Characteristics 


AT Transfer Clock Output 


(Vcc = 4.5 —- 5.5 V, GND = OV, Ta 


item 


Transfer Clock Cycle Time 


Transfer Clock High, 
Low Level Width 


Transfer Clock Rise, Fall Time 


Serial Output Data Delay time 
Serial Input Data Set-up Time 


Serial Input Data Hold Time 


Notes: 1. See figure 27. 
2. See figure 28. 


Symbol 
tScyc 


tSCKH 
tSCKL 


tsckr 
tscKf 


toso 
tssi 


tHsI! 


AT Transfer Clock Input 


item 


Transfer Clock Cycle Time 


Transfer Clock High, 
Low Level Width 


Transfer Clock Rise, Fall Time 


Serial Output Data Delay Time 
Serial Input Data Set-up Time 
Serial Input Data Hold Time 


Notes: 1. See figure 27. 
2. See figure 28. 


Symbol 


tscyc 


tSCKH 
tSCKL 


tsckr 
tsckf 


toso 
tssi 


tus! 


Pin 


SCK 


SCK 


SCK 


Min Typ Max 
1 
0.5 
100 
250 
300 
150 
Min Typ Max 
1 
0.5 
100 
250 
300 
150 
© HITACHI 


—20°C to + 75°C, unless otherwise noted.) 


Unit Test Condition 
teyc 


tscyc 


Unit Test Condition 
teyc 


tscyc 
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Note 


1.2 


Note 
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Figure 25. Interrupt Timing Figure 26. Reset Timing 


tseyc 


tsckt tsckr 
SCK Veco —2.0V (0.8V cc) * , ; 


tscK 
0.8V (O. 2Vcc) - 


ll, | 
0.8V 


* Vec—2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8Vcc and 0.2Vc¢c are the threshold voltage for transfer clock input. 





Figure 27. Timing Diagram of Serial Interface 


Vec 


Ri. =2.6k 2 


1$2074@ 


or Equiv. 





Figure 28. Timing Load Circuit 
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Precautions on Using EPROM on chip 
type 4-bit Single-Chip Microcomputer 


Since the HD40P4281/HD40P42161 has a 
special structure with pin sockets installed on 
the surface of the package, the following 
should be noted when using it. 

(1) Do not apply an electric voltage or surge 
voltage more than the maximum ratings to 
the pin socket pins. This may destroy the LSI 
permanently. 

(2) When installing this LSI in system prod- 
ucts in the same way as the mask ROM 4-bit 
single chip microcomputer, observe the fol- 
lowing in order to maintain good ohmic con- 
tact between EPROM pins and pin sockets. 
(a) When soldering the LSI on a printed 


circuit board, keep pin conditions under 250 


' °C within 10 seconds. If these conditions are 


exceeded, the solder fixing the pin sockets 
may melt and the pins may fall out. 

(b) Keep out detergent on coater from the 
pin sockets during flux removal or board 
coating. Flux or coater may decrease pin 
socket contactivity. 

(c) Avoid permanent use of this LSI in places 
with excessive vibration. 

(d) Since repeated insertion/removal of 
EPROMs may decrease pin _ sockets 
contactivity, it is recommended to use new 
ones for your system products. 

Please ask Hitachi's sales office if you have 
any question. 





Difference Between The HD40P4281/HD40P42161 and HMCS424C/428C 
Table 33. The Difference between HD40P4281/HD40P42161 and HMCS424C/428C 


Item HD40P4281/HD40P42161 

Power Supply Voltage 4.5 to5.5 V 

ROM 04,096 words x 10 bits 
(using standard EPROM 
2764) 


08,192 words x 10 bits 
(using standard EPROM 


HMCS424AC HiViCS424C HMCS424CL 
4.5to6V 3.5to6 V 2.5to 6 V 
4,096 words x 10 
bits 
Mask ROM 


27128) 
RAM 992 digits x 4 bits 256 digits x 4 bits 
1/O pin Standard = All pins are “without pull- One of three circuit types, without pull-up MOS (NMOS 
circuit pins up MOS (NMOS open open drain) , with pull-up MOS, CMOS, can be selected 
type drain)”. for each standard pin. 
High volt- All pins are “without pull- One of two circuit types, without pull-down MOS (PMOS 
age pin down MOS (PMOS open open drain), with pull-down MOS, can be selected for each 
drain)”. high voltage pin. 
Oscillator Crystal oscillator, Crystal oscillator, Ceramic filter oscillator 
Ceramic filter oscillator 
Package 42-pin EPROM on pack- 42-pin dual in line package (DP-42) 
age. The base chip pins 42-pin shrink dual in line package (DP-42S) 
are compatible with those 44-pin flat plastic package (FP-44A) 
of the HMCS424C/ 
428C. 
Type/ DC-42P/ DP-42/13.4 x 52.8/5.08 (max) 
Occupied 19 x 52.8/ DP-42S/14 x 37.4/5.08 (max) 
area (mm)/ 7.5mm (max) FP-44A/17.2 x 17.2/2.9 (max) 
Height from 
Stand-off 
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Description 


The HD404302 and HD4074308 are CMOS 4- 
bit single-chip microcomputers basically 
equivalent to the HMCS400 series providing 
high programming productivity, high speed 
operation, and low power dissipation. They 
incorporate ROM, RAM, I/O, A/D converter, 
and timer/counter, and contain high voltage 
I/O pins to drive fluorescent display tude 
directly. 


Features 


@® 4-bit architecture 
@ 2048 words of 10-bit ROM (mask ROM 
version) 
@® 8192 words of 10-bit ROM (ZTAT version) 
160 digits of 4-bit RAM 
33 I/O pins, including 25 High voltage I/O 
pins (40 V max) 
@ Two Timers/Counters 
—11-bit prescaler 
—8-bit timer (free-run timer/watchdog 
timer) 
—8-bit timer (reload timer/event counter) 
@ Five interrupt sources 


—External 2 
—Timer 2 
—A/D 1 


A/D converter: 8 bits x 4 channels 
Two Tone generator outputs: 2 
Subroutine Stack 
—Up to 16 levels including interrupts 
@ Two low power dissipation modes 
—Standby mode 
—Stop mode 
@ On-chip oscillator 
—Crystal or ceramic filter 
(externally drivable) 
@® Package 
—42-pin plastic DIP (DP-42) 
—42-pin ceramic DIP with window (DC- 
42) 
@e Instruction set compatible with 
HMCS412C; 100 instructions 
@ High programming efficiency with 10-bit / 
word 
-ROM: 78 single-word instructions 
@ Direct branch to all ROM areas 
@ Direct or indirect addressing of all RAM 
areas 


—Preliminary— 


@ Subroutine nesting up to 16 levels includ- 
ing interrupts 

Binary and BCD arithmetic operations 
Powerful logical arithmetic operations 
Pattern generation-table lookup capabil- 
ity 

@ Bit manipulation for both RAM and I/O 


Program Development Support Tools 


® Cross assembler and simulator software for 
use with IBM PCs and compatibles 


In circuit emulator for use with IBM PC 


@ Programming socket adapter for program- 
ming the EPROM-on-chip device 


@ Emulator unit can be used for both 
HMCS400 series and AS microcomputer 





Ordering Information 





Part No. ROM(Words) Package 
Mask ROM HD404302P 2,048 DP-42 
type DP-425S 
ZITAT HD4074308P 8,192 DP-42 
type HD4074308C DC-42 
(Note) 
Note: Under Development 
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Pin Arrangement 


DioL_}1 O 
TGo/Di,] 42 
TG,/Di2[ 43 
Vadisp/RA1[__|4 

ROot {5 

RO,{ |6 

RO] 17 

RO3{ {8 

Rio{| |9 

R1,] $10 

Rio} 411 

Riz} 12 

R2>{ 113 

R2,{  |14 

R2,} 415 

R23{  |16 

R39{ 417 

R3,{ 418 
INTo/R32 [119 
INT;/R33 [_}20 

GND{_ }21 


(DP-42) 
(DC-42) 
(DP-42S) 
Top View 


42] [Dg 
41|_ |D, 

40| 1D, 

391 |D, 

38/1 1D; 

37] |D, 

36] JD; 

351 |D, 

34] |D, 

33} [Do 

321 J Vcc 
31[_]} osc, 
30{ JOSC, 

29{ | TEST 

28] | RESET 
27[ _] AVss 

26[ |R43/AN3 
25] |R42/AN, 
241] |R4,/AN, 
23| | R4o/ANo 
221 | AVec 
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D;1/TGo 


R33/INT, R32/INTo RESET TEST OSC, OSC, Vcc GND 


Kean aC Y 4 


TIMER A/ SYSTEM CONTROL 


WATCH- 
DOG 

























PULSE | TIMER EXTERNAL 


INTERRUPT 






weibeIg Hoolg 


ROM 
AN3/R43 


AN2/R42 Hl 


AN,/R4, 


ANo/R4o0 K 


INTERRUPT CONTROL 







2048 x 10 bit (HD404302) 
8192 x 10 bit (HD4074308) 






INSTRUCTION 
DECODER 


RAM 1604 bit 
(ZTAT, Mask ROM version) 





@ 

p. Ro 

5 aa 

i INTo/R32 on, 
INT,/R33 


O0E8-68S (SL) © 6181-GO076 VO ‘auegsig © AMY UlOd BAIS OOO? © PZEld 1YIRIIH © ‘p}] BOUaUWYy YORI} 


66S 


D i a Dw Be) Ps i 
int (2 Beg [22 SS [BSB ee 
ES SSA > | jo N= Of 1@ N = Of JOO UN es Oy bi ae 
' 1 High voltage bo | ' ' { 1 ee ! 
i pins le! SoS SiS = L==s-S Ss - -Sp Sse SS = GY 46Q) rr Se Se SS SS SS SS SS a CO 
sca oes _ ° 
- J ig | 
I ! | ! . 
t--4 ene ee © 
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Pin Description 
GND, Vcc, Vaisp (Power) 


GND, Vcc, and Vaisp are the Power supply pins 
for the MCU. Connect the GND to the ground 
and apply the Vcc power supply voltage to 
the Vcc pin. The Vaisp pin (multiplexed with 
RA) is a power supply for high voltage out- 
put pin with maximum voltage of Vcc-40V. 
For details, see Input/Output section. 


AVcc, AVss 


AVcc and AVss are the power supply pins for 
the A/D converter. 


TEST (Test) 


Input for a factory test mode. The user should 
tie this pin to Vcc for normal operation. 


RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC:, OSC2 (Oscillator Connections) 


OSC; and OSCz2 are pins for the internal oscil- 
lator circuit. They can be connected to the 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
internal Oscillator Circuit section. 


Do-Di2 (D Port) 


The D port is an input/output port addressed 


by the bit. These 13 pins are all high-voltage 
input/output pins. The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output section. 


ROo-RO3,R10-R13,R20-R23,R30-R33,R40-R4s3, 
RA(R Ports) 


RO to R4 are 4-bit I/O ports. RA is a 1-bit port. 
RA is an input port, and RO to R4 I/O ports. 
The pins of RO-R2 and RA; are high-voltage 
pins, and the pins of R3-R4 are standard pins. 
R32 and R33 are multiplexed with INTo and 
INT: respectively. For details, see Input/ 
Output section. 








INTo, INT: (Interrupt) 


INTp and INT; are external interrupts for the 
MCU. INT can be used as an external event 
input pin for timer B. INTy and INT: are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 











TGo, TG: 


TGo and TG; are tone generator output pins. 
These pins are high-voltage pins multiplexed 
with Du and Diz, respectively. 


AD Port (ANv-AN3) 


The AD port is an A/D converter input port. 
ANj-AN3 are multiplexed with R40-R43, 
respectively. For details, see A/D converter 
section. 
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Memory Map 
ROM Memory Map 


ROM is described in the following paragraphs 
and the ROM memory map (figure 1). 


Vecter Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


Vector Address 


Zero-Page Subroutine 
(64 Words) 


Program Pattern 
(2048 Words) 


-HD404302|$07FF 


Pattern 
(4096 Words) 


Program 
(8192 Words) 


-HD4074308/$1FFF 


Not Used 


OAnN Ooh WN - O 
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Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SO7FF): Locations 
$0000 through $07FF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 


Program Area ($0000 to S1F FF): Locations 
from $0000 to $1FFF can be used for program 
code. 

$0000-$07FF: HD404302 

$0000-$1F FF: HD4074308 


JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) 


JMPL Instruction 
(Jump to TIMER A Routine) 


JMPL Instruction 
(Jump to TIMER B Routine) 


JMPL Instruction 
(Jump to A/D Routine) 


Figure 1. ROM Memory Map 
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RAM Memory Map 


The MCU includes 160 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 


Interrupt Control Bit Area (S000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area ($004 to 
$034): The special function registers are the 
mode or data registers for the external inter- 
rupt, the A/D, and the timer/counter and are 
the I/O port data control registers. These 
registers are classified into three types: write- 
only, read-only, and read/write as shown in 


figure 2. These registers connot be accessed 
by RAM bit manipulation instructions. How- 
ever, WDON ($020) can be accessed by only 
that instructions. 


Data Area (S040 to SO9F): 16 digits of $040 
through $09F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 


Stack Area ($3C0 to S3FF): Locations $3C0O 
through $3FF are reserved for stack area to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su- 
broutine call (CAL-instruction, CALL- 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 
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RAM-mapped Register 


Memory Register (MR) | 
(16 Digit) 


Data (80 Digit) 


8 
9 

11 (TCBU/TLRU) $O0B 
12 
13 
14 
Stack (64 Digit) 15 
16 

Not Used 


31 
32 


Special Flag Bits 


35 
36 

Not Used 
50 


51| Port R3 DCR (DCR3) $033 
52| Port R4 DCR (DCR4) $034 


* Two registers are mapped on 53 
same address. 
TCBL: Timer/Event Counter B Lower 
TCBU: Timer/Event Counter B Upper 
TLRL: Timer Load Reg Lower Not Used 
TLRU: Timer Load Reg Upper 
W: Write—only 
R: Read—only 
R/W: Read/Write 





Figure 2. RAM Memory Map 
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bit 3 bit 2 bit 1 bit O 
(IM of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 
(IM of Timer A) (IF of Timer A) (IM of INT,) (IF of INT,) 
(IM of A/D) (IF of A/D) (IM of Timer B) (IF of Timer B) 


IF: Interrupt Request Flag 

IM: Interrupt Mask 

I/E: Interrupt Enable Flag 

SP: Stack Pointer 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD intruction, and is 

tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 
The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction. 


bit 3 bit 2 bit 1 bit O 
WDON ADSF 
32 Not 
wnertegonres] Agee | #0 
33 $021 
34 Reserved $022 





35 | | $023 


Note: The WDON flag can be used by the SEM/SEMD instruction, and reset by MCU reset. 
ADSF stays H during A/D conversion and becomes L after A/D conversion. 


[ER enn nn en 


Figure 3. Configuration of Interrupt Control Bit Area 


Memory Registers Stack Area 


| soo 96° [tever 16] $ 3C0 
$041 





$ 042 ES a Program Counter 

$ 043 CA:C ee 

$044 

$ 045 Levei ii Note: As the HD404302 has 2k ROM. 
$ 046 PC,,, PCi2 and PC;3 are not used. 
$047 | bit3 bit2 bit 1 bitO 

$ 048 

$049 

$04A 

$048 

$ 04C 

$ 04D 

$ O4E 

$O4F 1023 $ 3FF 


Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Functional Description 
Register and Flags 


The MCU has nine registers and two flags for 
CPU operation. The following paragraphs 
describe the registers and flags in detail. 
Figure 5 shows these registers and flags. 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results 
from the Arithmetic Logic Unit (ALU) as well 
an transfer data between memories, I/O and 
other registers. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The 2-bit W register and the 4-bit X 
and Y registers indirectly address the RAM. 
The Y register is also used for D port address- 
ing. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit SPX and SPY registers are used to 
assist the X and Y registers, respectively. 


Carry (CA): The carry flag (CA) indicates an 
overflow resulting from the ALU during 
arithmetic operation. It is also affected by the 
SEC, REC, ROTL and ROTR instructions. The 
content of the carry flag is pushed onto the 
stack during interrupt servicing, and popped 
off the stack by the RTNI instruction. This flag 
is not affected by the RTN instruction. 
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Status (ST): The status flag (ST) indicates an 
ALU overflow and ALU non-zero during 
arithmetic or compare instructions and the 
result of the bit test instruction. Moreover, 
the status flag controls branches caused by 
the BR, BRL, CAL or CALL instructions. 
Whether these instructions are executed or 
skipped, the status flag is set to 1. The state of 
this flag remains unchanged until the next 
arithmetic, compare, bit test, and branch 
instruction is executed. During interrupt ser- 
vicing, the content of the status is pushed 
onto the stack, and popped off the stack by 
the RTNI instruction. This flag is not affected 
by the RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which holds 
the ROM address. 


Stack Pointer (SP): The stack pointer (SP) is 
a 10-bit register which indicates the next 
stack address. This pointer, which is initial- 
ized to $3FF, is decremented hy 4 when data 
is pushed onto the stack, and is incremented 
by 4 when data is popped off the stack. The 
highest four bits are fixed to 1111, which 
allows the pointer to indicate up to 16 levels 
of subroutines. The stack pointer is initialized 
when the MCU is reset or the RSP bit ($000- 
bit1) is reset by the REM or REMD instruc- 
tions. 
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606 


A 

Accumulator 

W Register 
O 

X Register 


3 0 
3 O 

ox SPX Register 
3 O 

SPY 


SPY Register 


Carry 


Status 
13 0 
Counter 
9 5 6] 
Stack 
1 1 Pointer 


Figure 5. Registers and Flags 
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Interrupt 


Five interrupt sources are available on the 
MCU: external requests (INTo, INT), timer/ 
counter (timer A, timer B), and A/D. For each 
source, the interrupt request flag (IF), inter- 
rupt mask (IM) and interrupt vector addres- 
ses are provided to control and maintain the 
interrupt request. The interrupt enable flag 
(I/E) is also used to control the total interrupt 
operations. 








Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (I/E) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and Table 2 


Table 1. Vector Addresses and Inter- 


rupt Priority 














Reset, Interrupt Priority Vector addresses 
RESET = $0000 
iNto 3 1 $0002 
INT 2 $0004 
Timer A 3 $0006 a 
Timer B 4 - $0008 
AD 5 $OO0A tt” 


Table 2. Conditions of interrupt Service 
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shows the interrupt conditions corresponding 
to each interrupt source. The interrupt 
request is generated when the IF is set to 1 
and IM is O. If the I/E is 1 at this time, the 
interrupt will be activated and vector ad- 
dresses will be generated from the priority 
PLA corresponding to the interrupt sources. 


Figure 7 shows the interrupt service 
sequence, and Figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The I/E is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 


In each vector address, program JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


























Interrupt control bit INTo INT, Timer A Timer B A/D 
I/E 1 1 1 1 1 
IFO - IMO 1 0 0 - O 0 
IF1 «iM1 * 1 0 O O 
IFTA *IMTA * xy 1 0 0 
IFTB - IMTB * * * 1 O oo 
IFAD - IMAD * eo * * 1 ; 
* : Don't care 
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$ 000,0 
i/E 


$ 000, 2 & 


FO il 
$ 000,3 - 


Sequence Control 
- Push PC/CA/ST 
- - Reset I/E 
- Jump to Vector 
Address 





| ae ae a 
~ = 2 eae Vector 
Priority Control PLA Address 
$ 001,0 
IF 1 





ome 

418 

>i- : 
N 


—_1f 
1) 
iE 
c Bw 
® 
& 
b 


_ 1A 
nNIO 
— 
BIS 
io) 


$ 
| 


—_ 
e 


ro) 
218 
opN 





Figure 6. Interrupt Circuit Block Diagram 
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Instruction 
Cycies 


Instruction 
execution 


Interrupt 
accepted 


Stacking. 
Reset of I/E 


Figure 7. 
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Stacking. 
Vector address 


is generated 


JMPL instruction execution on the 


vector address 





Interrupt Servicing Sequence 
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Power 
ON 





Figure 8. 


Yes 






Yes 

(C) 
Interrupt 
Accept 


1/E— O 
Stack—(PC) 
Stack+«—(CA) 
Stack —(ST) 


Execute 
Instruction 
PC—(PC)+1 












aa 


Interrupt Servicing Flowchart 






(A/D Interrupt) 
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Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests. It is reset by interrupt 
servicing and set by the RTNI instruction. 


External Interrupts (INTo, INT:): The 
external interrupt request inputs (INTo, INT:) 
can be selected by the port mode register 
(PMRA: $004). (Figure 10) 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT; 
inputs. 








The INT; input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT; When using 
INT: as timer B external event input, external 
interrupt mask (IM1) has to be set so that the 
interrupt request by INT: will not be 
accepted. Figure 9 shows the interrupt mode 
register. 








External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo and INT: inputs 
respectively. (Figure 9) 








External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
mask bits mask an interrupt request caused 
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by the external interrupt request flags. (Fig- 
ure 9) 


Timer A Interrupt Request Flag (IFTA: 
$001 bit 2): The timer A interrupt request 
flag is set when an overflow occurs in timer 
A. (Figure 9) 


Timer A Interrupt Mask (IMTA: 001 bit 
3): The timer A interrupt mask bit masks an 
interrupt request caused by the timer A 
interrupt request flag. (Figure 9) 


Timer B interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set when an overflow occurs in timer B. 
(Figure 9) 


Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask bit masks an 
interrupt request caused by the timer B 
interrupt request flag. (Figure 9) 


A/D Interrupt request Flag (IFAD: $002 
bit 2): The A/D interrupt request flag is set 
when an A/D conversion is completed. (Fig- 
ure 9) 


A/D Interrupt Mask (IMAD: $002 bit 3): 
The A/D interrupt mask bit masks an inter- 
rupt request caused by the A/D interrupt 
request flag. (Figure 9) 
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Interrupt Enable Flag P70. aa 

ji] enable 

INTo interrupt Request Flag] [O| No intemrupt request 
interrupt requested 

F 


interrupt request masked 


INT, Interrupt Request Flag 


a LON ee 
INT} Interrupt Mask fof enable 
Disable (mask) 
Timer A Interrupt Request Flac | No 8=t—i—<‘isSCSd 
si ls lETA Lo 
Timer A Interrupt Mask Enable 
SS IMTA 9 


Disable (mask) 
: 
Timer B Interrupt Request FI pNoo 
imer rrupt Request Flag ie 
Timer B Interrupt Mask 
Disable (mask) 
A/D Interrupt Mask 
IMAD : 
1 | Disable (mask) 
Figure 9. Interrupt Control Bits 


INTo Interrupt Mask jo f Interrupt request enabled 


= 
= 
wo 


A/D Interrupt Request Fla 
: x 2 2 IFAD 





Port Mode Register A (PMRA: $004) 


Not Used 


R32 1/0 pin 
pita LOL R82 VOpin 
INTo input pin 
R33 1/0 pin 
bit 3 [0 | R33 1/0 p , 
INT; Input pin 





Figure 10. Port Mode Register A 
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Timer 


The MCU contains a prescaler and two timer/ 
counters (timer A, timer B) as shown by the 
block diagram in figure 11. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset and setting bit 3 of 
timer mode register A (TMA: $008) during the 
watchdog timer ON flag (WDON: $20, bit 1) is 
0, after which the prescaler starts to divide 
the system clock. It continues operation until 
MCU reset or stop mode. 


Pulse frequency of timer A input clock, timer 
B input clock, and tone generator outputs 
(TGo,TG:) is selected among prescaler outputs 
by timer mode register A (TMA: $008), timer 
mode register B (TMB: $009), and port mode 
register B (PMRB: $005), respectively. 


After MCU reset, WDON is O. Thus, when 
timer A is reset by setting bit 3 of timer mode 
register A (TMA) during the watchdog timer 
OFF, the prescaler is also reset, which affects 
the operation of timer B and tone generator 
outputs (TGo, TG:). Consequently, program 
should be prepared considering the above. 


Timer A operation: Timer A is an 8-bit 
interval timer which can be used also as a 
watchdog timer. The prescaler divide ratio of 
timer A is selected by timer mode register A 
(TMA: $008). 


After timer A is initialized to $00 by MCU 
reset and setting bit 3 of timer mode register 
A (TMA: $008), it counts up at every, clock 
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input signal. 8 different clock signals divided 
by the prescaler can be used as an input 
clock. The clock input signals to timer A are 
selected by timer mode register A. When the 
next clock signal is applied after timer A 
becomes $FF, it will generate an overflow 
and reset timer A to $00, This overflow causes 
the timer A interrupt request flag (IFTA $001 
bit 2) to go to 1. 


This timer can function an a watchdog timer 
to detect a programming error. The MCU is 
reset when an overflow output generated 
from a timer counter cannot be controlled 
due to a programming error while the 
watchdog timer ON flag (WDON) is 1. 


Timer B operation: Timer mode register B 
(TMB: $009) selects the auto-reload function, 
input clock source, and the prescaler divide 
ratio for timer B. When an external event © 
input is used as an input clock signal to timer 
B, select R33 /INT: as INT; by setting the port 
mode register (PMRA: $004), and set the 
external interrupt mask (IM1) to prevent an 
external interrupt request from occurring. 








Timer B is initialized according to data writ- 
ten into the timer load register by software. 
Timer B counts up at every clock input signal. 
When the next clock signal is applied to timer 
B after it is set to $FF, it will generate an 
overflow output. In this case, if the auto-re- 
load function is selected, timer B is initialized 
according to the value of the timer load reg- 
ister. If it is not selected, timer B is reset to 
$00. The timer B interrupt request flag (IF TB: 
$002 bit 0) will be set at this overflow output. 
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SYSTEM WATCH DOG TIMER ON FLAG 


RESET 
WDON 


TIMER MODE 
Me chaos A 
| TIMER AMAX | aon! MAX TIMER COUNTER A | TIMER COUNTER A (8 bit) bit) | IFTA | 


sa ei 
REQUEST FLAG 
OF TIMER A 
SYSTEM 
RESET 
ON 
a2) 
efot of o|> ole} of 


NY ct 
System PRESCALER | PRESCALER (11 bit) | 1 | PRESCALER (11 bit) | PMRB 
Clock 


+1024 


[612 L_ \/ 
Teated Xl x 


an 


+ 128 
= 512 
E 
+2048 


INTERNAL BUS LINE (S1) 


el elealeteshear Ss TL (4 bit) 
| ans s TIMER LATCH REG 
N 
Ie] ef led oleh ol a 
INT, 
CS TCB te emer bit) TBOF IFTB 
TIMER B MPX te emer COUNTER B 
3 


INTERRUPT 
REQUEST FLAG 
OF TIMER B 


TIMER MODE 
REGISTER B 


INTERNAL BUS LINE (S82) 





Figure 11. Timer A/Timer B Block Diagram 
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Timer mode register A (TMA: $008): 
Timer mode register A is a 4-bit write-only 
register. Bits 0 to 2 of TMA control the pres- 
caler divide ratio of timer counter A clock 
input, as shown in Figure 12. Bit 3 resets timer 
A when set to 1; while WDON = 0, the pres- 
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caler is also reset. Bit 3 stays 1 only for one 
instruction cycle. 


Timer mode register A can be modified from 
the second instruction cycle of the write 
instruction for timer mode register A. 


Timer mode register A (TMA: $008) 


bit 2 Prescaler divide ratio 


[bit 2 | 
a 
cee 
LEO 
oF 


1 


+ 2048 
+ 1024 
+ 512 


ae 
a 
+ 128 
Ero. 4 
oy 


Ww 
NO 


| 


° 
° 
e 
° 
. 
° 


| 


Function 


Not changed 


Timer counter A, prescaler 
: reset 


Timer counter A: reset 


WDON| ADSF Special flag bit ($020) 


CL ><] : Not Used 
WDON: Watch Dog On Flag 
ADSF : A/D Start Bit, Status Flag 





Figure 12. Timer Mode Register A Configuration 
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Timer mode register B (TMB: $009): 


Timer mode register B is a 4-bit write-only 
register which selects the auto-reload func- 
tion, the prescaler divide ratio, and the source 
of the clock input signal, as shown in Figure 
13. Timer mode register B is initialized to $0 
by MCU reset. 


The operation mode of timer B can be 
modified from the second instruction cycle 
after timer mode register B is written to. 
Initialization of timer B by a write to the timer 
load register should be performed after the 
contents of timer mode register B have been 
appropriately changed. 


Timer B (TCBL: $00A, TCBU: SOOB, TLRL: 
$00A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register, and an 8-bit 


read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $OOB). 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 


Timer mode register B (TMB: $009) 


Prescaler divide ratio 
input clock source 


0 No auto-reload function 
Auto-reload function provided 





Figure 13. Timer Mode Register B Configuration 
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Timer A Interrupt Request Flag (IFTA: 
$001, bit 2): The timer A interrupt request 
flag is set by the overflow output of timer A. 
When watchdog timer function is selected, 
the timer interrupt request flag is not set 
since the MCU is reset by an overflow output. 
(Figure 14) 


Timer A Interrupt Mask (IMTA: $001, bit 


3): The timer A interrupt mask prevents an 
interrupt request from being generated by 


/O 
IFTA 
IMTA 


‘—’ : Other interrupt control bit 
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timer A interrupt request flag. (Figure 14) 


Timer B Interrupt Request Flag (IFTB: 
$002, bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B. 
(Figure 14) 


Timer B Interrupt Mask (IMTB: S002, bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
the timer B interrupt request flag. (Figure 14) 


Timer A interrupt request disabled 
Timer A interrupt request enabled 


0 Timer A interrupt request accepted 


Timer A interrupt request masked 


T 


imer B interrupt request disabled 


Timer B interrupt request enabled 
Timer B interrupt request accepted 


Timer B interrupt request masked 





Figure 14. Timer Interrupt Control Bits 
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A/D Converter 


The HD404302 and HD4074308 incorporate a 
sequential comparison system A/D converter 
having a resistor ladder. It can measure four 
analog inputs with 8-bit resolution. Figure 15 
shows the A/D converter block diagram. The 
A/D converter consists of the following reg- 
isters: 

- A/D mode register (4 bits) 

- A/D start bit, status flag (1 bit) 

- A/D port select register (4 bits) 

- A/D data register (4 bits + 4 bits) 










‘A/D port 
select 
register (ADPR) 






R40/ANo a 
R4,/AN, © 
R42/AN2 © 
R43/AN3 0 


AVcc O 


AVss 0) E 


internal Bus 


A/D start bit, 
status flag 
(ADSF) 


— Control logic 


A/D Mode Register (AMR): The A/D mode 
register is a 4-bit write-only register which 
selects A/D conversion speed (Bit 0, Bit 1) and 
analog input channel (Bit 2, Bit 3). (Figure 16) 


A/D Start Bit, Status Flag (ADSF): A/D 
conversion is started when 1 is written to the 
A/D start bit. After a conversion is completed, 
conversion data is set in the A/D data regis- 
ter, and the A/D start bit is cleared at th 
same time. (Figure 16) : 
(Note that the bit manipulation instruction 
SEM or SEMD should be used to write data to 
ADSF. During A/D conversion, ADSF must 
not be written to.) 






ADRL: $ OOD 
ADRU: $ OOE 


A/D data 
register (ADR) 





ADSF: $ 020 







Figure 15. A/D Converter Block Diagram 
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A/D Port Select Register (ADPR): The A/ which selects the digital port and analog 
D port select register is a write-only register port. (Figure 16) 


bit bit 0 | A/D mode register (AMR: $00C) 


me 
oe 
aie 
cial 


A/D Start Bit, Status Flag (ADSF) 


Start bit Status Information 
(Write) (Test) 
AD Idle 


WDON (See section timer.) 
Not Used 


A/D port select register (ADPR: SOOF) 


Port select 


Figure 16. A/D Register Configuration 
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A/D Data Register (ADRL: SOOD, ADRU: Precautions on using the A/D converter: 


SOOE): The A/D data register is a 4-bit/4-bit - If a digital signal is input to the R4o-R43 or 
read-only register in which the 8-bit conver- adjacent pins during A/D conversion, con- 
sion result is set after completing A/D con- version accuracy may be affected. 

version. The data is preserved until the next - Data in the A/D data register is not guar- © 
conversion begins. Data read is not guaran- anteed during A/D conversion. 

teed during A/D conversion. The A/D data - Port output instructions should not be 
register is initialized to $80 by the MCU reset. executed during A/D conversion to allow 
(Figure 17) | the A/D converter to operate stably. 


ADRU ($ OOE) ~ ADRL ($ 00D) 





Figure 17. A/D Data Register Configuration 
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Input/output 


The MCU has 33 I/O pins. 25 pins of them are 
high-voltage pins. On and off of output buffer 
of the standard pins are controlled by com- 
bination of the value of the port register 
(PDR) and data control register (DCR). (Figure 
19) 


D Port: The D port is an I/O port which has 13 
discrete I/O pins, each of which can be ad- 
dressed independently. It can be tested 
through SED/TDD and SEDD/REDD instruc- 
tions. Dy, and Diz ports are multiplexed with 
the tone generator pins TGo, TGi, respective- 
ly. The circuit .type of the D port is shown in 
Table 3. 


R Ports: The R ports are composed of 20 I/O 
pins and one 4-bit input-only pins. Data is 
input through LAR and LBR instructions and 
output through LRA and LRB instructions. 
The MCU will not be affected by writing into 
the input-only and non-existing ports. On and 
off of output buffer of the R3 and R4 ports are 
controlled by the R port data control register 
(DCR3, DCR4). R32 and R33 are multiplexed 
with INTo and INT:, respectively. R40, R41, 
R42, and R43 pins are multiplexed with ANo, 
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AN:, ANz, and AN3, respectively. The circuit 
type of the R port is shown is table 3. 


Port Mode Register (PMRA: $004, PMRB: 
$005): The port mode register is a 4-bit write- 
only register which controls the R32/INT»o pin, 
R33/INT: pin, Du/TGo pin, and Di2/TG: pin as 
shown in Figure 18. The port mode register is 
initialized to $0 by MCU reset. These pins are 
therefore initially used as ports. 








Unused I/O Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent malfunction. 


If without pull-down MOS (PMOS open drain) 
is selected for high-voltage pins, connect to 
Vcc on the printed circuit board. 

If without pull-up MOS is selected for stan- 
dard pins, connect to GND on the printed 
circuit board. 


The contents of PDR and DCR of the corre- 
sponding pin should be remained as the same 
as in reset state by program. The correspcnd- 
ing pin should not be used as peripheral 
function I/O pin. 
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Port Mode Register A (PMRA: $004) 


Not Used 


R32 1/0 pin 
bit 2 0 Bez she 
eae INTo input pin 
R33 1/0 pin 
bit 3 of eo ee 3V/OP 


| INT, Input pin Input pin 


bit 3 bit 1 Port Mode Register B (PMRB: $005) 


Prescaler ie oe 
divide ratio 





Figure 18. Port Mode Register Functions 
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Table 3. 
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I/O Pin Circuit Types 


Deca ta oe With pull-up MOS (B) Without pull-up MOS (C) 


*” 
Ss 
a 
3 
i“ 
© 
3 
g 
s 
7) 


input 


control Input 


control 


Note: Cannot be used (ANo-AN3) as 
an analog input pin. 


OS 
input Input input 


contro} control 
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Table 3. I/O Pin Circuit Types (cont.) 


Without pull-down MOS (D) With pull-down MOS (E) Applicable 


1/O 
common 
pins 


Input Input 
control control 


# 
£ 
S. 
o 
o 
s 
° 
= 
< 
Ao 
es 


Input 


control CPU 





Note: In the stop mode, MCU becomes reset state and peripheral function cannot be selected, and 
HLT signal is 1 and 1/O pins are in high impedance state. 











Mask ROM 


type 
HD404302 


ZTAT type 
HD4074308 





option 


nice 
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DCR 






PDR 


é NMOS(B) 


CPU input 
Option 
Ba aaa Input control 
Pull-up MOS Provided Not Provided 
ON/OFF of DCR (Data control 
register) output buffer O 1 0 1 
PDR (port data register) 
output buffer latch ° : 0 ; 0 : 0 ' 


CMOS  PMOS(A)  —  —  — ON —  —  — ON” 
buffer NMOS (B) = — ON = = = ON — 
Pull-up MOS ON ON ON ON — — sz - 





Note: 1— ON 
O— OFF 
<>. “JOPRF 


Figure 19. I/O Buffer Configuration (Standard pins) 
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Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy trc for the oscillator to 
stabilize. In all other cases, at least two 


instructions cycles are required for the MCU 


to be reset. 


Table 4 shows the parts initialized by MCU 
reset and the status of each after the reset 
has been carried out. 





Table 4. Initial Value after MCU Reset 


Item 


initial value 


after MCU reset Contents 





Execute program from the top 
of ROM address 


Enable branch with conditional 
instructions 





Stack level is O 
Enable to output O 


Enable to output 1 


Output buffer is off (high impedance) 
See section port mode register A. 
See section port mode register B. 
Inhibit all interrupts 

No interrupt request 

Mask interrupt request 


See section timer mode 
register A. 


See section timer mode 
register B. 


See section A/D port select register 
See section A/D mode register 


See section A/D data register 


See section A/D start bit, status flag 


See section Timer A 


Program counter (PC) $0000 
Status (ST) 1 
Stack pointer (SP) $3FF 
1/O High-voltage pin port data All bits are O 
register (PDR) 
Standard pin port data All bits are 1 
register (PDR) 
Data control register (DCR) All bits are 0 
Port mode register A (PMRA) 0000 
Port mode register B (PMRB) 0000 
Interrupt Interrupt enable flag (I/E) 0 
flag/mask Interrupt request flag (IF) 0 
Interrupt mask (IM) 1 
Mode Timer mode register A 0000 
register (TMA) 
Timer mode register B 0000 
(TMB) 
Timer/ Timer counter $00 
counter Timer/event counter B (TCB) $00 
Timer joad register (TLR) $00 
Prescaler $000 
A/D A/D port select register (ADPR) 0000 
A/D mode register (AMR) 0000 
A/D data register (ADR) $80 
A/D start bit, status flag (ADSF) 0 
Bit register Watch dog timer on flag (WDON) 0 
Note: Registers and flags except above become as follows after MCU reset. 
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In addition, see Figure 21 for the layout of the 
crystal or ceramic filter. In all cases, external 
clock operation is available. 


Internal Oscillator Circuit 


Figure 20 outlines the internal oscillator cir- 
cuit. Refer to Table 5 for selection of the type. 


Divider 
circuit 


Timing 
generator 
circuit 


System 
clock 
562.5 kHz 


Oscillator (Divide- 


by-8) 





Figure 20. Internal Oscillator Circuit 





Layout of Crystal and Ceramic Filter 


Figure 21. 


Table 4. Initial Value after MCU Reset (cont.) 
After recovering from STOP 
Items mode by MCU reset After ail other MCU reset 
Carry (CA) The contents of the items just before The contents of the items just before 


Accumulator (A) 

B register (B) 

W register (W) 

X/SPX register (X/SPX) 
Y/SPY register (Y/SPY) 


A/D data register (ADRL, ADRU) 


RAM 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « 


MCU reset are not assured. It is 
necessary to initialize them by soft- 
ware again. 


The contents of RAM just before 
MCU reset (just before STOP 
instruction) are retained. 


© HITACHI 
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necessary to initialize them by soft- 
ware again. 
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Table 5. Example of Oscillator Circuits 


for ree Circuit configuration Circuit constant 


External 





clock operation 


External 
oscillator 


Ceramic filter Ceramic filter: TBD 


oscillator 


Crystal Re 
oscillator C; 
C2 


Crystal: equivalent to circuit 


shown 


AT cut parallel Co 
resonance crystal 


Rs : TBD 
osc; L CAs beoose, f 


Co 


Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended 
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal, ceramic 
filter resonator, and the floating capacitance in designing the board. In employing the 
resonator, please consuit with the engineers of the crystal or ceramic filter maker to 
determine the circuit parameter. 

2. Wiring between OSC;, OSC2 and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 21). 
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Low Power Dissipation Mode modes, standby mode and stop mode (table 
6). Figure 22 is a mode transition diagram for 
The MCU has two low power dissipation these modes. 





Table 6. Low Power Dissipation Mode 





Condition Standby Mode Stop Mode 

Instruction SBY instruction STOP instruction 

Oscillator eireuit -" _ Active Stopped 

Instruction execution Stopped Stopped 7 
Register, Flag Retained Reset (Note 1) 

Interrupt fUncuOR a Active _ Stopped a 
RAM -_ . Retained Retained 

Input/Output pins Retained (Note 2) High impedance 

Timer/Counter Active 7 Stopped 

A/D Active Stopped 

Recovery method RESET input, interrupt request RESET input 


Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 4 for the contents of 
flags and registers. 
2. As 1/O circuits are active, an I/O current may flow in standby mode, depending on the 
state of the 1/O pins. This is an additional current added to the standby mode current 
dissipation. 


Active 


1 


Standby 


RESET=O 


-_ 
LJ 
v) 
uw 
oc 





Figure 22. MCU Operation Mode Transition 
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Standby Mode: Executing an SBY instruc- 
tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit continue 
working and the timer/counter, A/D, and 
interrupts are active. On the other hand, the 
CPU stops since the clock related to the 
instruction execution stops. Registers, RAM 
and I/O pins retain the state they were in just 
before the MCU went into standby mode. 


Standby Mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 


Oscillator Active 
Peripheral Clocks 
Active 

All Other Clocks 
Stop 





Restart 
Processor Clocks 






(A) (B) 
Instruction 


Restart 
Processor Clocks 


Interrupt 
Accept 


In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 


Figure 23 shows the flowchart of the standby 
mode. 










Yes (C) 


Figure 23. MCU Operating Flowchart 
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Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop Mode may be cancelled by resetting the 
MCU. At this time, as shown in Figure 24, 
reset input must be applied at least to trc for 


Stop mode 


Internal clock TAS 


RESET -——-——————— 


STOP instruction execution 


HD404302/HD4074308 


oscillation to stabilize. (Refer to AC Charac- 
teristics table.) After stop mode is cancelled, 
RAM retains the state it was in just before the 
MCU went into stop mode, but the accumu- 
lator, B register, W register, X/SPX registers, 
Y/SPY registers, carry, and A/D data register 
may not retain their contents. 


(more than stabilization time: trc) 





Figure 24. Timing Chart of Recovering from Stop Mode 
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PROM Mode Pin Description 


Pin No. 


—~|O;OMDINI O(a! Bi] Wd 


=) 48 ;/, oo |] wf] =] om] ow] oa] oa 
OO} MINI OI OH} WIN; A] OO 


No 
ie) 


21 


Note: 


632 


MCU mode 
Pin name 
Dio 
Di1/TGo 
Di2/TG 
RA1/Vaisp 
ROo 

RO, 

RO2 

RO3 

R1lo 

R14 

Rio 

R13 

R20 

R21 

R22 

R23 

R30 

R34 
R32/INTo 
R33/INT1 
GND 


1/O: Input/Output pin 


1/O 


1/0 


1/0 
I/O 
| 

1/0 
1/0 
1/0 
1/0 
1/0 
I/O 
1/0 
1/0 
1/0 
1/0 
\/O 
1/0 
1/0 


1/0. 


I/O 
1/0 


PROM mode 
Pin name 

Mo 

Vec 

Vcc 


GND 


1/0 


| 
| 
1/0 
1/0 
1/O 
1/O 


1: Input pin 
The Vcc and GND pins in PROM mode must supply Vcc and GND levels to all Vcc and GND pins. 
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MCU mode 


Pin No. Pin name 
22 AVcc 
23 R40/ANo 
24 R4,/AN, 
25 R42/ANo2 
26 R43/AN3 
27 AVss 
28 RESET 
29 TEST 
30 OSC1 
31 OSC2 
32 Vec 
33. Do 
34 D, 
35 Do 
36 D3 
37 Da 
38 Ds 
39 De . 
40 D7 
41 Dg 
42 Dg 

O: Output pin 


1/0 


1/0 
1/0 
\/O 
I/O 


I/O 
I/O 
I/O 
1/0 
I/O 
I/O 
1/0 
I/O 
\/O 
1/0 


PROM mode 
Pin name 
Vcc 

O4 

Os 

O6 

O07 

GND 

Vpp 

TEST 


1/0 


I/O 
I/O 
1/0 
I/O 





Pins for PROM Mode (HD4074308) 


Figure 25 shows pin arrangement is PROM 
mode. 


Vpp 


Apply the programming voltage (12.5 V + 0.3 
V) to Vpp. 


CE 


CE inputs the control signal to enable PROM 
programming and verify. 


OE 


OE inputs the data output control signal for 
verify. 
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Ao-A14 


These pins are address input pins of the 
internal PROM. 


Oo-O7 

Data bus input pins of the internal PROM. 
Mo, Mi, Ma 

These pins are used to set PROM mode. The 
MCU is set to the PROM mode by pulling 


AVss and TEST low, and RESET, Mo, M:, Ma, 
and AVcc high. 








Figure 25. Pin Arrangement is PROM Mode 
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Programmable ROM (HD4074308) 


The MCU on-chip PROM is programmed in 
PROM mode (figures 26, 27). PROM mode is 
set by bringing TEST low, and RESET, Mo, 
Mi, M2 high as shown in figure 26. In PROM 
mode, the MCU does not operate. Table 7 
shows the PROM mode selection. It can be 
programmed like a standard 27256 EPROM 
using a standard PROM programmer and a 
42-to-28-pin socket adapter. Table 8 lists 
recommended PROM programmers and 
socket adapters. 





Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series MCU 
incorporates a conversion circuit to enable 
use of a general-purpose PROM programmer. 
By this circuit, an instruction is read or pro- 
grammed using 2 addresses, lower 5 bits and 
upper 5 bits, as shown in figure 27. For 
example, if 8 kwords of on-chip PROM are 
programmed by a general-purpose PROM 
programmer, 16 kbytes of addresses ($0000- 
$3FFF) should be specified. 


Programming And Verification 


The MCU can be high-speed programmed 
without causing voltage stress or affecting 
data reliability. 


Table 7 shows how programming and verifi- 
cation modes are selected. 
Figure 28 is a programming flowchart. 


Erasing 


PROMs in ceramic window packages can be 
erased by ultraviolet light. All erased bits 
become is. 


Erasing conditions are: ultraviolet (UV) light 
with wavelength 2537A with a minimum 
irradiation of 15W-sec/cm?. These conditions 
are satisfied by exposing the LSI to a 12,000 
uW/cm? UV source for 15-20 minutes, at a 
distance of 1 inch. 





Table 7. PROM Mode Selection 

Pin 
Node CE OE Vpp 00-07 
Programming Low’ High Vpp Data input 
Verify High Low Vpp Data output 


Programming High High Vpp High 
inhibited impedance 


Table 8. PROM Programmers and Socket Adapters 


PROM Programmer Socket Adapter 
Maker Type Name Maker Type Name 
DATA 1/0 22B Hitachi TBD 
29B 
AVAL Corp PKW-7000 Hitachi TBD 
PKW-1000 
© HITACHI 
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Precautions 


it 


Addresses $0000 to $3FFF must be speci- 
fied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may 
not be programmed or verified. Note that 
the plastic package type cannot be 
erased and reprogrammed. (Ceramic 
window packages can be erased and re- 
programmed by ultraviolet light.) Data in 
unused addresses must be set to $FF. 


Be sure that the PROM programmer, 





Vpp/RESET 
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socket adapter and LSI lineup (pin 1 posi- 
tions match). Using the wrong program- 
mer or socket adapter may cause an over- 
voltage and damage the LSI (table 8). 
Make sure that the LSI is firmly fixed in 
the socket adapter, and that the socket 
adapter is firmly fixed in the programmer. 


The PROM should be programmed with 
Vpp = 12.5 V. Other PROMS use 21 V. If 21 V 
is applied to the MCU, the LSI may be 
permanently damaged. 12.5 V is Intel's 
27256 Vpp. 


Address 
Ao~Aia 


Figure 26. PROM Mode 
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JMPL Instruction 


$0000 f]}}] 1 1 ' bt4 —bit3bit2 bit? -bitO | Lower 5 bits 
$0001 [Hf] 1 ' 1, bt9 IB, bIt7 DIE bits ase eum $0000 JMPL Instruction 
__ oes 
Vector Address 


(Jump to INTo Routine) 


Zero-Page Subroutine 
(64 Words) , 
JMPL Instruction 


(Jump to INT Routine) 


Pattern JMPL Instruction 
86: Words! (Jump to TIMER A Routine) 


OREN fir JMPL Instruction 
Program (Jump to TIMER B Routine) 
(8192 Words) 
JMPL Instruction 
(Jump to A/D Routine) 


(Note) 
Not Used 


eed 
Three bits are not used. 


(Set to 111) 
Note: When reading this address space, SFF is output. 





Figure 27. PROM Mode Memory Map 


Set Prog./Verify Mode 
Vep=12.5+0.3V, Veo =6.0+0.25V 


Address = 0 








<at> Address + 1 — Address 


GO 


Program topw = 3n ms 


Last NO 
Address ? 
YES 


Set Read Mode 
Veco =5.0+0.5V, Vee = Veco t0.6V 


NOGO Read 
(Fait =~) All eee 
se 
Cena) 
Figure 28. A Sequence of High-Speed Programming Flowchart 
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ZTAT MCU On-Chip PROM Characteris- 
tics and Precautions 


Principles of Programming/Erasing: The 
ZITAT micros’ memory cells are the same as 
an EPROM’s. Therefore they are programmed 
by applying high voltage to control gates and 
drains, which injects hot electrons into the 
floating gate. They are stable, surrounded by 
an energy varrier of SiO2 film. Such a cell 
becomes a 0 bit due to the memory threshold 
voltage change. A cell with no condensed 
electrons at its floating gate appears as a 1 bit 


(figure 29). 


The electron charge in memory cells may 


XX \—- yw 


Floating gate 


Programming (0) 
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decrease as time goes by. This can be caused 
by: 


- Ultraviolet light: discharged by photo- 
emitted electrons (erasure principle) 

- Heat: discharged by thermal emitted elec- 
trons 

- High voltage: discharged by a high electric 
field at the control gate or drain 


If the oxide film covering a floating gate is 
defective, the erasure rate is great. Normally, 
electron erasure does not occur, because such 


defective devices are found and removed 
during testing. 


Control gate 


Floating gate 


Erasing (1) 


Figure 29. Cross-section of EPROM Memory Cell 
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Programming Precautions: The EPROM 
memory cells should be programmed under 
specific voltage and timing conditions. The 
higher the program voltage and the longer 
the program pulse is applied, the more elec- 
trons will be injected into the floating gate. 
However, if an overvoltage is applied to Vpp, 
the p-n junction may be permanently 
damaged. Pay particular attention to PROM 
programmer overshoot. Negative voltage 
noise will cause a parasitic transistor effect, 
which may reduce break-down voltage. 


The ZTAT micros are connected electrically 
to the PROM programmer through a socket 
adapter. Therefore, pay attention to the fol- 
lowing: 


‘Confirm that the socket adapter is firmly 


fixed on the PROM programmer. 


- Do not touch the socket adapter or the LSI 
during programming. 


-Misprogramming can be caused by poor 
contacts. 


On-Chip EPROM Reliability after Pro- 
gramming: Generally, semiconductors are 
reliable except for initial failures. Parts can be 
screened to avoid failures. Exposure to high 
temperature is a kind of screening which 
removes PROM memory cells with data hold 
failures in a short time. This is done to the 
ZLTATs in the wafer stage, so ZTAT data hold 
charcteristics are high. Exposing the LSI to 
150°C after user programming can effectively 
upgrade these characteristics. Figure 30 
shows the recommeded screening flow. 


Programming 
Verification 


Exposure in high temperature 
without applying any power 
150°C + 10°C, 48Hr + 8Hr* 


— OHr* 


Confirmation of reading 
Vec = 4.5 Vor5.5V 


* Exposure time is the time after the temperature 


in heater reaches 150°C. 


if programming errors occur continuously during programming with one PROM programmer, stop pro- 
gramming and check the PROM programmer or socket adapter. 
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a 


Hitachi engineer. 





Figure 30. Recommended Screening Flow 
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Window-Type Package Precautions 


Glass Erasure Window: If the glass win- 
dow comes in contact with plastic or any- 
thing with a static charge, the LSI may mal- 
function due to the electrostatic charge on 
the surface of the window. If this occurs, 
exposing the LSI to ultraviolet light for a few 
minutes neutralizes the charge, and restores 
the LSI to normal operation. However, charge 
stored in the floating gate decreases at the 
same time, so reprogramming is recom- 
mended. 


Electrostatic charge buildup on the window 
is a fundamental cause of malfunctions. 
Measures for its prevention are the same as 
those for preventing electrostatic break- 
down: 


1. Operators should be grounded when 
handling equipment. 

2. Do not rub the glass window with plastics. 

3. Be careful of coolant sprays, which may 
contain a few ions. 

4. The ultraviolet shading label (which 
includes conductive material) effectively 
neutralizes charge. 


Ultraviolet Shading Label: If the LSI is 
exposed to fluorescent light or sunlight, its 
memory contents may be erased by the small 
quantity of ultraviolet light in these sources. 


HD404302/HD4074308 


In strong light, the MCU may fail under the 
influence of photocurrent. To prevent these 
problems, it is recommended that the device 
be used with an ultraviolet shading label 
covering the erasure window after pro- 
gramming. 


Special labels are sold for this purpose. They 
contain metal to absorb ultraviolet light. 
When choosing a label, note the following: 


1. Adhesion (mechanical intensity)—Re-use 
and dust reduce adhesion. Peeling off a 
label may cause static electricity. There- 
fore, erasing and rewriting is recom- 
mended after peeling. Sticking a new label 
over the old one is better than replacing a 
label. 

2. Allowable temperature range—The 
allowable environmental temperature 
range of the label should be noted. If it is 
used under conditions outside this range, 
the paste may stiffen or adhere to the 
label, causing paste to remain on the 
window when the label is removed. 

3. Moisture resistance—The allowable mois- 
ture range and environmental conditions 
of the label should be noted. It is difficult 
to find a shade label applicable to all con- 
ditions. The proper label should be 
selected depending on the intended use of 
the MCU. 


@ HITACHI 
Hitachi America Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 639 





HD404302/HD4074308 


Addressing Mode 
RAM Addressing Mode 


As shown in figure 31, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The 
memory register (16 digits from $040 to $04F) 
is accessed by executing the LAMR and 
XMRA instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 32. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


When BR is on page boundary (256n + 255) 
(figure 33), executing a BR instruction trans- 
fers the PC contents to the next page accord- 
ing to the hardware architecture. Conse- 
quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 


pages. 


Zere Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6 bits of immediate 
data are placed in the low-order six bits of 
the program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PC13 to PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (Figure 34). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 
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WwW oe x pam ee Y pm cael 


Register Indirect Addressing 


Instruction 1st pa ee Instruction 2nd Word 


Direct Addressing 


Instruction 


Memory Register Addressing 





Figure 31. RAM Addressing Mode 
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~ (JMPL) 
(BRL) 
(CALL) 


Instruction 1st Word Instruction 2nd Word 

















de ds da 







Program Counter}PCi3 PCi2 PC11 PCio PCa PCa PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Direct Addressing 


Instruction 


























b7 be ba bs b2 bi bo 





bs 


Program Counter |PCi3 PC12 PC11 PCio PCo PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 





Current Page Addressing 


Instruction 





Program Counter |PC13PCi2PCi1 PCio PCo PCs PC7 PCe PCs PC4 PC3 PC2 PC: PCo 


Zero Page Addressing 


Instruction 








(TBR) Accumulator 





As A2 Ai Ao 







Program Counter|PC13PC12 PC11 PC1o PCa PCs PC7 PCe PCs PCs PC3 PC2 PC; PCo 
Table Data Addressing 
Figure 32. ROM Addressing Mode 
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1256(n—1)+255 
256n 


256n+254 
256n+255 
256(n+ 1) 


BBB NOP 





Figure 33. BR Instruction Branch Destination on Page Boundary 


Instruction 


Referred ROM Address 


If ROs=1 


Output Register R1, R2 | R23 R22 R21 R20}R13 R12 R11 Rito If ROo=1 


Pattern 





Figure 34. P Instruction 
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Instruction Set 


The HD404302, HD4074308 provide 100 6. Compare instruction (Table 14) : 
instructions which are classified into 10 7. RAM bit manipulation instruction (Table 
groups as follows: 15) 
| 8. ROM address instruction (Table 16) 
1. Immediate instruction (Table 9) 9. Input/output instruction (Table 17) 
2. Regjister-to-register instruction (Table 10. Control instruction (Table 18) 
10) 

3. RAM address instruction (Table 11) 

4. RAM register instruction (Table 12) Tables 9-18 list their functions, and table 19 is 

5. Arithmetic instruction (Table 13) an opcode map. 





Table 9. Immediate Instructions 


Operation Mnemonic Operation Code 

Load A from Immediate LAI i 1000 1 1 i3 i2 4 I9 
Load B from Immediate LBI i 100 0 0 O ig i2 14 Ip 
Load Memory from LMID i,d 0110 1 O ig t2 4 I9 
Immediate dg dg d7 de ds da d3 d2 dj do 
Load Memory from LMI i 1010 0 1 ig ig 4 Io 


immediate, Increment Y 


Table 10. Register-to-Register Instructions 


Operation Mnemonic Operation Code 
Load A from B LAB 000100100 0 
Load B from A LBA 0011001000 
Load A from W LAW 0100000000 
0000000000 
Load A from Y LAY , 00101011 1~=1 
Load A from SPX LASPX 0001101000 
Load A from SPY LASPY 0001011000 
Load A from MR LAMR m 10011 1mmmnm 
Exchange MR and A XMRA m 10111 1mmmmm 


Note: An operand is provided for the second word of LAW 


644 


automatically. 
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Function 
iv~A 
i-~B 


i~M 


imM, Y+1-Y 


Function 
B-A 
A-B 


W-A 


Y-A 

SPX -A 
SPY ~A 
MR(m) > A 


MR(m) - A 


Status 


NZ 


Status 


Words/ 
Cycles 


1/1 
1/1 


2/2 


1/1 


Words/ 
Cycles 


1/1 
1/1 


2/2 
(Note) 


1/1 
1/1 
a 
1/1 


1/1 


and LWA instruction by assembler 
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Table 11. RAM Address Instructions 
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Words/ 


Cycles 
1/1 
1/1 
1/1 


2/2 
(Note) 


1/1 
1/1 


VEE a ¥ NZ 


1/1 


» fot eae & NB 


oO|]| oO 


1/1 
1/1 


1/1 


Exchange X and SPX XSPX 


Function Status 
i -~W 

i +X 

prey 

A+ W 

A-X 

A-Y 

YtA-Y OVF 
Y-A-Y NB 
X + SPX 

Y — SPY 


1/1 


Exchange Y and SPY XSPY 


Operation Mnemonic Operation Code 
Load W from Immediate LW i 00111100 i 
Load X from Immediate LXI i 1000 1 O ig ig i 
Load Y from Immediate LYI i 1000 0 1 ig ig 
Load W from A LWA 01000100 0 
000000000 
Load X from A LXA 001110100 
Load Y from A LYA 0011031100 
Increment Y bd 0001011 1 0 
Decrement DY 00110111 ~=1 
Add A to Y AYY 00010101 0 
Subtract A from Y SYY 00110101 0 
000000000 
00000000 1 
Exchange X and SPX,Y XSPXY 00000000 1 
and SPY 
Note: An operand is provided for the second word of 


automatically. 
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X-SPX, YSPY 
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LAW and LWA instruction by assembler 
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Table 12. RAM Register Instructions 


Words/ 
Operation Mnemonic Operation Code _ Function Status Cycles 
Load A from Memory LAM(XY) 00100%100y x M-A, (X-SPX, Y-SPY) 1/1 
Load A from Memory LAMD d 0110010000 M-~A 2/2 
dg dg d7 dg ds d4 d3 do dd} do 
Load B from Memory LBM(XY) 00010000 =y x M-B, (X—SPX, Y-SPY) 1/1 
Load Memory from A LMA(XY) 00100101 y x A-M, (X-SPX, Y-SPY) 1/1 
Load Memory from A LMAD d 01100103100 AM 2/2 
dg dg d7 deg ds d4 d3 do d; do 
Load Memory from A, LMAIY(X) 000101000 x A-M, ¥+1-Y (X-SPX) NZ 1/1 
Increment Y 
Load Memory from A, LMADY(X) 00131031000 x A~M, Y-1-*¥ (X-SPX) NB 1/1 
Decrement Y 
Exchange Memory and A XMA(XY) 00100000 ~y x MHA, (X-SPX, Y-SPY) 1/1 
Exchange Memory and A XMAD d 0110000000 MHA 2/2 
dg dg d7 de ds dq d3 do dd; do 
Exchange Memory and B XMB(XY) 001310000 y x M- 8B, (X-SPX, Y-SPY) 1/1 


Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of LAM 
(XY) is given, below). 
Opcode X and Y are assembler as follows. 


Mnemonic y x Function 

LAM 0 860 

LAMX Oo. 81 X + SPX 

LAMY 1 O ¥=SPY 
LAMXY 1 1 X~SPX, YoSPY 


(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 
Opcode X is assembler as follows. 








Mnemonic x Function 
LMAIY O 
LMAIYX 1 X — SPX 
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Table 13. Arithmetic Instructions 














G) : Exclusive OR 
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Operation Mnemonic Operation Code — Function 

Add Immediate to A Al i 1010 0 O ig io i1 ig Ati-- A 

Increment B IB 0001001100 8B+1 - B 

Decrement B DB 0.0171 1.00 1 7-1-1 B-1 8B 

Decimal Adjust for Addition DAA 00101001 1 0 

Decimal Adjust for Subtraction DAS 0010101010 

Negate A NEGA 0001100000 At1 +A 

Complement B COMB 0101000000 B-+8B 

Rotate Right A with Carry ROTR 00103100000 

Rotate Left A with Carry ROTL 001010000 1 

Set Carry SEC 00111014 1 1 14 +1-CA 

Reset Carry REC 00111031100 0-+CA 

Test Carry TC 00031101 1 1 ~=1 

Add A to Memory AM 0000001000 MtA~-A 

Add A to Memory AMD d 0100001000 MtA--A 
dg dg d7 dg ds dg d3 do di do 

Add A to Memory with Carry AMC 0000011000 M+t+A+CA -A 

OVF -CA 

Add A to Memory with Carry AMCD d 0100011000 M+A+CA-A 
dg dg d7 dg dg dg d3 d2 d; dg OVF-CA 

Subtract A from Memory SMC 0010011000 M-A-CA-A 

with Carry NB-CA 

Subtract A from Memory SMCD d 0110011000 M-A-CA+A 

with Carry dg dg d7 dg dg dg d3 d2 d; dg NB~CA 

OR A and B OR 01010003100 AUB-A 

AND Memory with A ANM 0010011100 ANM-~A 

AND Memory with A ANMD d 0110011100 ANM-A 
dg dg d7 dg ds dq d3 do d; do 

OR Memory with A ORM 0000001100 AUM-A 

OR Memory with A ORMD d 0100001100 AUM~A 
dg dg d7 deg ds dq d3 do d; do 

EOR Memory with A EORM 0000011100 A®M-A 

EOR Memory with A EORMD d 01000131100 A®M-A 
dg dg d7 deg ds dq d3 d2 di do 

Note: MM: Logical AND 

U : Logical OR 


Status 


OVF 


NZ 


NB 


Words/ 
Cycles 


1/1 
1/1 


1/1 
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CA 
OVF 


OVF 


OVF 


OVF 


NB 


NB 


NZ 


NZ 


NZ 


NZ 


NZ 


NZ 
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1/1 





/1 
1/1 
1/1 
1/1 
1/1 


1/1 





1/1 
1/1 
1/1 
2/2 


2/2 


1/1 


2/2 


1/1 
1/1 


2/2 


1/1 
2/2 


1/1 


2/2 
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Table 14. Compare Instructions 





Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Immediate Not Equal INEM i 00001 O ig ig iy ip iM NZ 1/1 
to Memory 
Immediate Not Equal INEMD i,d 0100 1 O ig i2 4 Ig i+ M NZ 2/2 
to Memory dg dg d7 de ds d4 d3 d2 d; do 
A Not Equal to Memory ANEM 0000000100 A+M NZ 1/1 
A Not Equal to Memory AMEMD d 0100000100 A#+M NZ 2/2 
dg dg d7 dg ds d4 d3 d2 d; do 
B Not Equal to Memory BNEM 0001000100 B#+M NZ 1/1 
Y Not Equal to Immediate YNEL i 000 1 1 1 i3 i2 4 I9 Ye NZ 1/1 
Immediate Less or Equal ILEM i 000 0 1 1 i3 i2 i4 io isM NB 1/1 
to Memory 
Immediate Less or Equal ILEMD i,d 0100 1 1 ig i2 i4 Ito isM NB 2/2 
to Memory dg dg d7 dg ds dq d3 do di do 
A Less or Equal to Memory ALEM 0000010100 As NB 1/1 
A Less or Equal to Memory ALEMDd 0100010100 As NB 2/2 
dg dg d7 de ds dag d3 d2 d; do 
B Less or Equal to Memory BLEM 0011000100 B=M NB 1/1 
A Less or Equal to Immediate ALEI | 1010 1 = 1 i3 i2 4 ig Asi NB 1/1 
Table 15. RAM Bit Manipulation Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Memory Bit SEM n 0010000 1m 1% 1 — M(n) 1/1 
Set Memory Bit SEMD n,d 0110000 1n %} 1 + M(n) 22 
dg dg d7 de ds dq d3 do d do 
Reset Memory Bit REM n 0010001 0mm °° #O Min) 1/1 
Reset Memory Bit REMD n,d 0110001 0n 1% 0 — M(n) 2/2 
dg dg d7 de ds d4 d3 do d; do 
Test Memory Bit Tin 001000 1 1 ™% 19 M(n) 1/1 
Test Memory Bit TMD n,d 0110001 1 m1 M(n) 2/2 


dg dg d7 de ds da d3 do dj do 
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Table 16. ROM Address Instructions 





Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 be bs bg b3 b2 by bo 1 1/1 
Long Branch on Status 1 BRL u 010 1 1 #1 pg p2 pi po 1 2/2 

dg dg d7 dg ds dq d3 do d; do 
Long Jump Unconditionally JMPLu 010 1 0 1 p3Pp2P1 Po 2/2 
dg dg d7 de ds dq d3 do dj do 
Subroutine Jump on Status 1 CAL a O 1 1 #1 a5 aq a3 az a1 ag 1 1/2 
Long Subroutine Jump on CALL u 0 10 1 1 O p3p2 pi po 1 2/2 
Status 1 dg dg d7 dg ds dg d3 do di do 
Table Branch TBR p 001 0 1 1 p3p2 Pp po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 000001000 1 1 -1/E ST 1/3 
CA Restore 

Table 17. Input/Output Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete 1/O Latch SED 007111001 0 0 1 — D(Y) 1/1 
Set Discrete 1/O Latch Direc SEDDm 10111 0mmm 1 -- D(m) cae 
Reset Discrete I/O Latch RED 0001100100 O ~ D(Y) 1/1 
Reset Discrete 1/O Latch Direct REDD m 10011 0m mm mM O — D(m) 1/1 
Test Discrete I/O Latch TD 00111000 0 0 D(Y) 1/1 
Test Discrete |/O Latch Direct TDD m 10101 O0mmm Mm D(m) 1/1 
Load A from R Port Register LAR m 10010 1m mm no R(m) -— A 1/1 
Load B from R Port Register LBRm 100 1 0 O mgm mm ™ R(m) ~ B 1/1 
Load R Port Register from A LRAm 101 10 1m mm rn A -+ R(m) 1/1 
Load R Port Register from B LRB m 101 10 0 mmm m B — R(m) 1/1 
Pattern Generation Pp 0110 1 1 p3 p2 Pi Po Ap 
Table 18. Control Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 1/1 
Standby Mode SBY 0101001100 1/1 
Stop Mode STOP 010100311041 1/1 


Note: The STS (Start serial) instruction is not provided for the HD404302/HD4074308 since it does 
not have a serial interface. 
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Table 19. Opcode Map 

re 0 

NE OS oe ee 


o 
parr | fl ol id Gl 
eg ee el et = ee el 









5 
= 
3 
8 | 


REMD n(2) 
Sc] fam) 





P p(4) 
CAL a(6) 
F 
1 BR b(8) 





eee eae | na eels orale ae eee ole 
| s 
= : 


[_}--4-word/2-cycle [_}:-1-word/3-cycle [ _}--RAM Direct Address [__}---2-word/2-cycle 
Instruction Instruction Instruction Instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 
Item Symbol Value Unit Note 
Supply Voltage Vec -—0.3 to +7.0 V 
Program Voltage Vpp —0.3 to +14.0 V 2,13 
Terminal Voltage Vr —0.3 to Vec + 0.3 V 3 
Vec — 42 to Vec + 0.3 V 4 
Total Allowance of Slo 50 mA 5 
Input Current 
Maximum Input Current lo 15 mA 7,8 
Maximum Output Current — lo 4 mA 8,9 
6 mA 9, 10 
30 mA 9, 11 
Total Allowance of —- Slo 150 mA 6 
Output Current 
Operation Temperature Topr —20 to +75 °C 
Storage Temperature Vey -—55 to +125 8 
Storage Temperature (bias) ‘Tipias —25 to +80 EG 13 
Notes: 1. Permanent LSI damage may occur if absolute maximum ratings are exceeded. Normal 
operation should be performed under the conditions specified by electrical characteristics. 
Exceeding these conditions can result in LSI malfunction or degraded performance. 
2. Applies to the RESET pin (Vpp). (HD4074308) 
3. Applies to pins except for high-voltage pins. 
4. Applies to high-voltage pins. 
5. Total allowance of input currents is the total sum of input current which flow in from all I/ 
O pins to GND simultaneously. 
6. Total allowance of output currents is the total sum of the output current which flow output 
from Vcc to all I/O pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each I/O pin to 
GND. 
8. Applies to R3 and R4. 
9. Maximum output current is the maximum amount of output current from Vcc to each 1/0 
pin. 
10. Applies to RO to R2. 
11. Applies to Do to Diz. 
12. Voltage is based on GND. 
13. Applies to the HD4074308. 
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Electrical Characteristics 





DC Characteristics (Vcc = 5 V + 10 %, GND = OV, Vaisp = Vec — 40 V to Vcc, Ta = — 20 to + 
75 °C unless otherwise noted) 
item Symbol Pin Min Typ Max Unit Test Condition Note 
Input High Vin RESET, 0.8 Vcc Vec + 0.3 V 
Voltage R32/INTo, 
R33/INT, 
OSC, Vec ~ 0.5 Ver + 0.3 V 
Input Low ViL _ RESET, - 0.3 0.2 Vcc V 
Voltage R32/INTo, 
R33/INT, 
OSC, = 0.3 0.5 V 
Input/Output =| | 4, RESET, TBD uA Vin = OV to Vec 1 
Leakage R32/INTo, 
Current R33/INT1, 
OSC, 
Current lec Vec TBD mA Vec = BV; 2,5 
Dissipation in fosc = 4 MHz 
Active Mode 
Current Ispy Vec TBD mA Vec =5V; 3,5 
Dissipation in fosc = 4 MHz 
Standby Mode 
Current lst Vec TBD uA Vin(TEST) = Vec 4 
Dissipation in Vin(RESET) = GND 
Stop Mode 
Stop Mode Vstop Vec 2 V 


Retain Voltage 


Notes: 1. 


a 


652 


Excluding pull-up MOS current and output buffer current. 
The MCU is in the reset state. Input/output current does not flow. 
* MCU in reset state, operation mode 
- RESET, TEST: Vcc 
*R3, R4: Vec 
* Do-Di2, RO-R2, RA1: Vaisp 
The timer/counter operates with the fastest clock. Input/output current does not flow. 
- MCU in standby mode 
- Input/output in reset state 
* RESET: GND 
> TEST: Vec 
: R3, R4: Vec 
7 Do-D1i2, RO-R2, RA: Vaisp 
Excluding pull-down MOS current. 
When fosc = X (MHz) estimate the current dissipation as follows: 
Max value fosc = x MHz = x/8 X (max value foss = 4 (MHz)) 
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Input/Output Characteristics for Standard Pin (Vcc = 5V + 10%, GND = OV, Vaisp = Vcc — 



























































40 V to Vcc, Ta = — 20 to + 75 °C unless otherwise noted) 
item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin R3 0.7 Vcc Ver + 0.3 V 
Voltage R4 
Input Low Vin R3 Ae OES 0.2Vcc V 
Voltage R4 
Output High Vou R3 Vec - 1.0 V — lou = 1.0 mA 1 
Voltage R4 
R3 Vec - 0.5 V — lon = 0.5 mA 1 
R4 
Output Low VoL R3 0.4 V lo. = 1.6 mA 
Voltage R4 
Input/Output Iti R3 “4 uN Vin. = OV to Vec ”) 
Leakage Current R4 
Pull-Up MOS —Ip R3 TBD TBD TBD uA Vec = 5 V, Vin = OV 3 
Current R4 


Notes: 1. Applied to I/O pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to I/O pins with pull-up MOS selected by mask option. 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 653 





HD404302/HD4074308 





Input/Output Characteristics for High Voltage Pin (Vcc = 5 V + 10 %, GND = OV, Vaisp = 





Vcc — 40 V to Vcc, Ta = — 20 to + 75 °C unless otherwise noted) 
item Symbol Pin Min Typ Max Unit Test Conditions 
Input High Vin Do-Di2, O.7 Vec Veco + 0.3 V 
Voltage Ri, R2, 
RA, RO 
Input Low Vit Do-Di2, Vcc — 40 0.2Vcc V 
Voltage R1, R2, 
RA;, RO 
Output High VoH Do-Di2, Vcc - 3.0 V — loy=15 mA 
Voltage TGo, TG1 
Vec ~ 2.0 V — loy=10 mA 
Vec ~ 1.0 Vv — lon= 4mA 
RO-R2 Vec — 3.0 V — lon = 3 mA, 
Vec — 2.0 V — lon = 2mA 
Vcc — 1.0 V — lon = 0.8 mA 
Output Low VoL Do-Di12, Vec -— 34 V Vaisp = Vcc — 40 V 
Voltage RO-R2 
Do-Di2, Vec - 37 V 150kQ to Vcc — 40V 
RO-R2 
Input/Output an Do-D12, 20 uA Vin = Vec — 40 V to Vcc 
Leakage RO-R2, 
Current RA, 
Pull-Down MOS |, Do-D12, TBD TBD TBD th Viisg = Vee — 35 V, 
Current RO-R2, Vin = Vec 


1. Applied to I/O pins with pull-down MOS selected by mask option. 

2. Applied to !/O pins without pull-down MOS (PMOS open drain) selected by mask option. 
3. Pull-down MOS current and output buffer current are excluded. 

4. Applied to 1/O pins with pull-down MOS selected by mask option. 


Notes: 
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AC Characteristics 


(Vcc = 5V + 10 %, GND = OV, Vaisp = Vcc — 40 V to Voc, Ta 


otherwise noted) 





item Symbol Pins Min 
Oscillation fosc OSC,,0SC2 TBD 
Frequency 

(Divide-by-8) 

Instruction Teve 1.78 
Cycle Time 

Oscillation trc OSC;1,0SC2 
Stabilization 

Time 

External Clock fcp, OSC, TBD 
Frequency 

Clock High, Low __ tcpy 

Level Width 

External tcpr, OSC; 

Clock Rising, tcpr 

Falling Time 

INTo High, Low tion, INTo 2 
Level Width tioL 

INT, High, Low ty, INT, 2 
Level Width thie 

RESET High tRSTH RESET 2 
Level Width 

Input Cin Except RESET 
Capacitance RESET 


Falling Time 


Notes: 1. 


HD404302/HD4074308 


—20 to + 75°C, unless 




















Typ Max Unit Test Condition Note 
4 4.5 MHz 
2 TBD us 
20 ms 1 
_ 4.5 MHz 
ns Divide-by-8 2 
20 ns 2 
Toye 3 
Toye 3 
Teyc 4 
20 pF f= 1MHz,Vin=OV 
20 ms 4 


Oscillation stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5 V 


at power-on, or after RESET goes to high in canceling system oscillator stop state. At 
power-on, or canceling system oscillator stop state, RESET must remain high for at least 
trc. Since tac depends on the crystal or ceramic filter’s circuit constant and stray capacitan- 
ce, it is recommended that the user should get the maker's advice when designing the 


RESET circuit. 
C, 






OSC; 
Crystal COS Rr 


OSC 
Co 


GND 

Crystal: 4.194304 MHz 

R; = 

C, \ TBD 
See figure 35. 
See figure 36. 
See figure 37. 
See figure 38. 


Lee 
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Ceramic 
filter — 


C2 


GND 
Ceramic filter: CSA 4.00 MG (Murata) 
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A/D Converter Characteristics (Vcc = 5.0 V + 10 %, Vss = AVss = GND, 
Ta = Q to + 70°C 


Item Symbol Pin Min Typ Max Unit Test Condition 
Analog power supply voltage AVecc AVcc Vec-0.3 Vec Vect+0.3 V 
Analog input voltage AVin ANO-AN3) AVsg AVcc V 
Current between AVcc-AVss lad a TBD mA 
Analog input capacity Cae ANO-AN3 — TBD — pF 
Resolution | 8 8 8 Bit 
Conversion Time 61 oe = us 
Number of inputs 0 = 4 Channel _. 
Absolute accuracy | = ae TBD LSB Ta =25 C 
Vec =5.0 V 
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eee ee 0 
INT, INT; 
0.2Vcc 





Figure 36. Interrupt Timing 





Figure 37. Reset Timing 


Vec 
Ri =2.6kQ 


R 1$2074@ 
12kaT Equiv. 





Figure 38. Timing Load Circuit 
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Programming Electrical Characteristics for HD4074308 


Write and Verify Mode 

DC Characteristics 

vey V+t0.25V, Vep=12.5V+0.3 V, Vss=OV, Ta=25°C +5°C, unless otherwise 
notes. 


item Symbol Min Typ Max Unit Test Condition 


Input high voltage Oo—O7, Ao—Ai4, OE, CE Vin 2.2 Vect0.3 V 

Input low voltage Oo—O7, Ao—Ai4a, OF, CE Vit -0.3 0.8 V 

Output high voltage Oo—O7 VoH 2.4 V lon = —200uA 
Output low voltage Oo—O7 Voi 0.4 V lol =1.6mA 
Input leakage current Oo—O7, Ao—Ar4, OE, CE | Iu! 2 uA Vin=5.25V/0.5V 
Vcc current lec 30 mA 

Vpp current lpp 40 mA 


AC Characteristics 
eee V+0.25V, Veep=12.5V+0.3V, Vss=0V, Ta=25°C + 5°C, unless otherwise 
notes. 


item Symbol Min Typ Max Unit Test Condition 





Address set-up time tas 2 “us Figure 39 
‘OE set-up time toes 2 is 
Data set-up time tos 2 us 
Address hold time taH 0 us 

Data hold time toH 2 us 
Output disable delay time tor 130 ns 

Vpp set-up time tves 2 us 
Program pulse width tew 0.95 1.0 1.05 ms 

CE pulse width when overprogramming topw 2.85 78.75 ms 

Vcc set-up time tvcs 2 KuS : 
Data output delay time tor 0 500 ~=ns 


Note : 1. Input pulse level——O.8 to 2.2V 
Input rising/falling time s20ns 
Timing reference evel input: 1.0V, 2.0V 
output :0.8V, 2.0V 
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Program Verify 


ee ee eel 
' Data In Stable | 


Data Out Valid} 
; = PF of 


Address 


Switching characteristics 


Input pulse level 

Input rising/falling time 

Output loading 1TTL Gate + 100pF 

Input/output timing reference level Output: 1V, 2V 
Input: 0O.8V, 2V 


tOF 


tOH 
tacc 


Data Out LLL A Data Out Valid NSS 
dk KV 





Figure 40. PROM Read Timing Diagram 
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Read Mode 


DC Characteristics 


(Vcc=5 V + 10%, Vepp=Vcc £0.6 V, Vss=0 V, Ta=25 °C + 5°C, unless otherwise notes.) 


item Symbol Min Typ Max Unit 
input Leak tu 1 LA 
Current 
Output Leak lLo 1 uA 
Current 
Programming Ipp 1 100 uA 
Vpp Current 
Operating Icc* 30 mA 
Vec Current 
Input ViL -0.3 0.8 V 
Voltage 

Vin 2.2 Vec+0.3 V 
Output VoL 0.4 V 
Voltage 

Vou 2.4 V 


* Input through current is excluded. 


AC Characteristics 


Condition 


Vec=5.5V, Vin=GND to Vcc 


Vec=5.5V, Vout=GND to Vcc 


Vep=Vcc+0.6V 


f=1MHz, lout=OmA 


loL=1.6mA 


lon= —200nuA 


(Vec=5 V + 10%, Vep=Vcc £0.6 V, Vss=0 V, Ta=25 °C + 5°C, unless otherwise notes.) 


item Symbol Min Max 
Access Time tacc 500 
CE Output tce 500 
Delay Time 

OE Output tor 10 150 
Delay Time 

Output Disable tor* 0 105 
Delay Time 

Data Output tou 0 

Hold Time 


Unit 
ns 


ns 


ns 


nS 


ns 


Condition 
CE=OE= VIL 
OE=Vit 


CE=Vit 
CE=Vt 


CE=OE=W. 


* tpr is determined when the output reaches open state and output level cannot be referred. 
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HD404302 


* Please enter check marks in (1, for example #, x or v. 


[Order dewe | 
[Company name | 
[Deparment | 
Nome | 


(1) Package type 
LSI type HD40 


(2) ZTAT compatibility (4) ROM media 


11/0 circuit compatibility with the HD4074308 (1 EPROM: emulator type 
1) No 1/0 circuit compatibility with the HD4074308 1) HD4074308 


(Note) ZTAT compatibility is enabled only when all pins use C or D type 
circuit. In this case do not check the list item (3) and (5). 














(3) 1/0 option (I/O options masked by [] are not available) (5) RA1/Vaisp 


eine | vo Leo seree | Peg] vo Lure: | [ORAL wanowt put-down MOS () 

Ree pert) |S 

eRe ue Note: RA1/Vdisp has to be selected as Vais 
Va) : 


pin exept the case that all high voltage 


pins are option E. 


O 
1/0 


SENSING 


= 
O 
pe) 
= 
= 
o) 


=< 
oO 
D 
Ww 
N 
INS 
= 
oO 


ps) 
Ww 


(6) OSC; and OSC2 oscillator 
C1 Ceramic filter f= 


a i 
3]5 


= 
fo 
Pe) 
= 
= 
fo) 


ABE 
INNAANINAAA 


So 
Be 


= 
Oo 


[J] Crystal 
C External clock 


S 
.@) 





a 
oO 


Ss oe 
BE 


x 
Oo 


DSSS NININTSINSSTSSSSS 

SAIN SINISE 

Rea eee Seas 

BSS eee eee 
S| 


= 

oO 
O 
=% 
® 
fe) 
= 
G 


RAAKRAAAKRAAS 


” 
£ 
Qa 
® 
5) 
ise) 
= 
(@) 
“¢ 
les 
ie, 
ag 


=~ 
O 


= es 
3] 5 


= 
Oo 


ei 
3|5 


= 
oO 


AS SES NING SINISE SS 
INININNAINAAANAA 
Lae ee eee eee 
ee iede sealed las 


DVIS 
s\5 


/O 





YVAN 


Please check the option you select. 

: Without pull-up MOS 

: CMOS output with pull-up MOS 

: CMOS output without pull-up MOS 

: Without pull-down MOS (PMOS open-drain) 

: With pull-down MOS 

Note that when all pins are selected as C or D, items (3) and (5) should not be 
checked. 


mooOmW>D 
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HD4074408 


Description 


The HD404418, HD4074418, and HD4074408 
are 4-bit single chip microcomputers basically 
equivalent to the HMCS400 series providing 
high programming productivity and high- 
speed operation. The devices have on-chip 
resources such as ROM, RAM, I/O, four timer/ 
counters, and two serial interfaces. All pins 
are CMOS standard for the HD404418, 
HD4074418, and the HD4074408 includes 8 
high-voltage pins. 





Features 


8,192 words xX 10 bits ROM 

512 digits x 4 bits RAM 

58 I/O pins 

—Including 4 input pins, 16 high current 
pins (total current: 100 mA), 2 NMOS 
open-drain pins, and 8 high-voltage 
NMOS open-drain pins (HD4074408 


@ Subroutine stack: Up to 16 levels includ- 
ing interrupts 
® Two low power dissipation modes 
—Standby mode 
—Stop mode 
@ On-chip oscillator: Crystal or ceramic fil- 
ter (Externally drivable) 
@® Instruction cycle time: 1.0 us (fosc = 8 MHz) 
@ Package 
—64-pin shrink type ceramic DIP with 
window 
—64-pin shrink type plastic DIP 
—64-pin flat plastic package 


Program Development Support Tools 


@ Cross assembler and simulator software for 
use with IBM PCs and compatibles 


In circuit emulator for use with IBM PC 


Programming socket adapter for program- 
ming the EPROM-on-chip device 





only) 
—HD404418, HD4074418: all CMOS stan- 
dard pins 
—HD4074408: includes 8 high voltage ; 
pins Ordering Information 
@ 4 timer/counters 
@ 4 analog inputs Part No. Package 
@® 2clock-synchronous 8-bit serial interfaces Mask ROM HD404418S DP-64S 
@ 12 interrupt sources type HD404418F EP-64 
—External: 6 4D404418H 
—Internal: 6 8 FP-64A 
ZTAT type HD4074418S DP-64S 
HD4074418C DC-64S 
HD407441 8F FP-64 
HD4074418H FP-64A 
HD4074408S DP-64S 
HD4074408C DC-64S 
HD4074408F FP-64 
HD4074408H FP-64A 
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Pin Arrangement 


HD404418S, HD4074418C, HD40744185S, 


HD4074408C, HD4074408S 


Dy0J10 64°) Dio 
Di2Lj2 63[_}Dg 
D343 62{"} Ds 
Di.{]}4 61f JD, 
DisLJ5 60f 1De. 
ROo{jé ssf JDs 
RO, CJ” 58f_]D, 
RO2(j8 57f_ JD; 
RO3CJ}3 56[_} D2 
R1of[j10 55[_]D, 
R1,(]11 54f]Do 
R12£J}12 53[_) GND 
R13()13 52{_ 1] OSC2 
R20} 14 51[_JOSC, 
R2,(]15 s0f_] TEST 
R22(_j16 49f_ JRESET 
R23;C)17 48[_] R93 
RAoE_]18 47 J R92 
RA, 46f_}R9, 
INTo/R30L_]20 45[_] RQo 
INT,/R3,Cj21 44[_] R85 
INT2/R320J22 43[_}R8, 
___INT3/R33C 423 42[_] R8, 
TIAINTs/R50([_J24 41[_] R85 
Tlo/INTs/R5, 40] R73 
TO,/R52[_]26 39{_| R7>2 






36} R43/Vret 
35[_] R42/SO, 
34[ J R4,/SI, 
33f} R4./SCK, 


DC-64S, DP-64S 
(Top View) 





HD404418 /HD4074418/HD4074408 


HD404418F, HD4074418F, HD4074408F 


wagggdgodGaG46 

PN Et 

$8S5e8R88R B88 B88 
ROi[_}n sif_]Ds 
RO2 [7 }2 50] | D2 
RO3[" 3 ast ]D, 
Rlof }4 as{_]Do 
Rii[_ Js 47{_]GND 
R12f Je 4s{_ ]OSC2 
R13(_]7 45{|_ JOSC, 
R2o[_|s aa{_ | TEST 
R2,[(" ]9 a3[_] RESET 
R22 j10 42{_ ]R93 
R237 fis a1] }R92 









RAi[_ fia 391 |]RQo 
INTo/R30f]14 3af |R83 
INT;/R3,[7 115 37] }R82 
INT2/R3, || 16 361 | R8, 


__ INT3/R3s[—]17 
TI, /INT4/R5o f | 18 
Tlo/INTs/R5, | 419 

















TO;/R52[ 120 
TO2/R53 Ff 2 
TO3/R60[" } 22 
SO2/R6,[} 23 
Sl2/R62 | 24 
SCK2/R63 || 25 





FP-64 
(Top View) 


HD404418H, HD4074418H, HD4074408H 


eer ere NBN Wr | 


On Oar WD = 


INT2/R32 | 414 
___ INT3/R33()15 
ThL/INT,/R50 (7) 16 





on oOo NOS Ww ~™ 0 N 
- -— N NN NN NN N ” 
WU UU DU UU a 
UMM ESODS SFFFERKKK 
eeereaeererererrorree 
ta eee ee 
FOO0OO0OOnm™M waZO+ 
zeeegals b° a> 
NX 2] [%p) 
a 
~_ 

FP-64A 

(Top View) 
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(*) Standard port 
(HD404418, HD4074418) 


High-voltage port 


(HD4074408) 
RA, 
RAg 
R93 
R92 
RS, 
R9o 
* 
R83 
R82 
R8;, 
R8o 
pa R73 
= Fl a7, 
c ® 
+O; R7, 
©} R71 
SCK2/R63 
Sl,/R62 
$O2/R6, 
TO3/R65 
TO2/R53 
TO,/R52 
TI2/INT5/R5, 
Ti /INT4/R50 


RA KY 


R63/ R62/R6,/R4)/ R4,/R4./ 
SCK, Sl, SO, SCK;S!, SO, 


= 


SERIAL 
INTER- 
FACE 

2 


R43/R42/R4,/R40/R33/R32/R31/R30/ R23R22R2,R20 





SERIAL 
INTER- 
FACE 





TIMERITIMER 
4 3 


R51/ R5o/ 


R60/ R53/ R52/ INT,/ INT4/R33/ R32/ R31/ R3o/ 


TO, TO, 


TO, 


Tl Ty 


I le 


TIMER|TIMER 
2 1 


INTERRUPT CONTROL 





Vref SOWSI, SCK, INT,INT, INT, INT, 





RAM 5124 bit 


INT; INT, INT, INT, 


EXTERNAL 


INTERRUPT 








RESET TEST OSC, OSC, Voc GND 


| 









SYSTEM CONTROL 


EPROM 


8192 X 10bit 






INSTRUCTION 
DECODER 


R1gR12R1;R19 RO3RO2RO;ROo D15D14D13D42 Dy, Dio Dg Dg Dz Dg Dg Dy Dz D2 D; Do 
re a a 
High-current port 


weibeig Hoo0Ig 


80PPL0PCH/81PPL0PCH/817r0rdH 
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Pin Function 
GND, Vcc (Power) 


GND and Vcc are the power supply pins for 
the MCU. Connect GND to the ground (0 V) 
and apply 5 V + 10% to the Vcc pin. 


TEST (Test) 


TEST is for test purposes only. Connect it to 
Vec. 


RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC:, OSCz2 (Oscillator Connections) 


OSC; and OSCz2 are the connection pins for 
the internal oscillator circuit. They can be 
connected to a crystal resonator, ceramic fil- 
ter resonator, or external oscillator circuits. 


Do— Dis (Port D) 


Port D consists of 16 1-bit input/output ports. 
Pins Do-Dis are all high-current pins. For 
details, see Input/Output section. 


RO—RA (Port R) 


Ports RO-R9 are 4-bit I/O ports. (RA consists of 
two bits.) Refer to Input/Output section for 
details. 


Ports RO-R2, RA: RO-R2, RA are I/O ports. 


Port R3: Port R3 I/O port is available as an 
input of the external interrupts (INTo-INTs3). 


Port R4: Port R4 is an I/O port. Pins R40-R42 
can be used as I/O pins of the serial interface. 
Pin R43 functions as a reference voltage input 
pin (Vrer) of the analog input pin. 


Port R5: Port R5 is anI/O port. Pins R59 and R5; 
function as the inputs of external interrupt 
pins (INT4, INTs) or timer 1, timer 2. Pins R52 


and R53 function as outputs of timer 1 and 
timer 2. 


Port R6: Port R6 is an I/O port. Pins R6)-R63 
are the I/O pins of the serial interface 2. R60 is 
available as output pin of timer 3. 


Port R7: Port R7 input port is available as an 
analog input port. 


Ports R8, R9: Ports R8 and R9 I/O ports are 
used as standard ports for the HD404418, 
HD4074418, and as high-voltage ports for the 
HD4074408. 


INTo, INT:, INT2, INTs, INTa, INTs (Inter- 
rupts) 


INTo, INT:, INT2, INTs, INT4, INTs are external 
interrupts for the MCU. INTo, INTi, INT2, INTs, 
INT4, INTs are multiplexed with R30, R31, R32, 
R33, R50/Th, R5:/Tlz respectively. For details, 
see Interrupt section. 


SCK:, SCKz2, Sh, SlIz, SO:, SO2 (Serial 
Interface) 


The transfer clock I/O pin (SCK;, SCKz2), serial 
data input pin (Sh, SIz), and serial data output 
pin (SOQi, SOz) are used for serial interface. 
SCKi, SCK2, Sli, SIz, SOi1, SOz2 are multiplexed 
with R40, R63, R41, R62, R42, R6; respectively. 





For details, see Serial Interface section. 


Th, TIa, TQ, TOz, TO3 (Timer) 


TI, and TIz are external clock input pins for 
the timers, and TO1-TO3 are timer output pins. 
Th, Tle, TO:1, TO2z, and TO3 are multiplexed 
with R50/INTa4, R5:/INTs, R52, R53, and R6o, 
respectively. 


Vret, R7 (Analog Reference Inputs) 


Vries reference voltage input pin inputs 
threshold voltage of analog input pins. Vier is 
multiplexed with R43. Analog input pins are 
multiplexed with port R7. 
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Functional Description 
ROM Memory Map 


The MCU includes 8,192 words x 10 bits of 
PROM. It is described in the following para- 
graphs and the PROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
eels $0000 through $000F are reserved 
or JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After the 
reset or interrupt is serviced, the program is 
executed from the vector address. 


Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $OFFF are reserved for ROM 
data. P instructions can refer to the ROM data 
as a pattern. 


Program Area ($0000 to $1F FF): Locations 
from $0000 to $1FFF can be used for program 
code. 


RAM Memory Map 


The MCU includes 512 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are mapped on the RAM mem- 
ory space. The RAM memory map (figure 2) is 
described in the following paragraphs. 


Interrupt Control Bit Area (S000 to $005): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area ($006 to 
$027): The special function registers are the 
mode or data registers for the external inter- 
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. SEM/SEMD 
instruction or REM/REMD instruction are 
available for the mode register (SMR) and 
clock register (SCR) of the serial interface, the 
mode register (TMR) and output register 
(TOR) of the timer, the analog mode register 
(AMR) and the port mode register (PMR), and 
each data direction register (DDR). TM/TMD 
instruction is available for read register. RAM 


bit manipulation instructions are unavailable 
to other registers. 


Data Area ($040 to S1FF): 16 digits of $040 
through $04F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 


Stack Area (S3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST), and carry (CA) when sub- 
routine calls (CAL instruction, CALL instruc- 
tion) and interrupts are serviced. This area 
can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 


Registers and Flags 


The MCU has nine registers and two flags for 
the CPU operations (figure 5). 


Accumulator (A), Register B (B): The 4-bit 
accumulator and register B hold the results 
from the arithmetic logic unit (ALU), and 
transfer data to/from memories, I/O, and 
other registers. 


Register W (W), Register X (X), Register 
Y (Y): The 2-bit register W, and the 4-bit 
registers X and Y address RAM indirectly. 
Register Y is also used for port D addressing. 


Register SPX (SPX), Register SPY (SPY): 
The 4-bit registers SPX and SPY assist regis- 
ters X and Y, respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 


Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value for 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack. It is 
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restored back from the stack by a RTNI 
instruction, but not by a RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter to hold the 
ROM address. 

Stack Pointer (SP): The stack pointer (SP) 


points to the address of the next stack area 
(up to 16 levels). 


IN Vector Address 
Zero-Page Subroutine 
(64 Words) 


Pattern 


(4096 Words) 


Program 


(8192 Words) 


Not Used 





. The stack pointer is initialized to RAM 


address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in- 
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the high four bits of the stack 
pointer are fixed at 1111. 


The stack pointer is initialized to $3FF either 
by MCU reset or by the RSP bit reset through 
REM/REMD instruction. 


; JMPL Instruction 
(Jump to RESET Routine) 


JMPL Instruction 
(Jump to INTo Routine) 


JMPL Instruction 
(Jump to INT; Routine) 


JMPL Instruction 
(Jump to INT2/TIMER1 Routine) 


JMPL Instruction 
(Jump to SCl;/TIMER2 Routine) 


JMPL Instruction 
(Jump to SClo/TIMER3 Routine) 


JMPL Instruction 
(Jump to INT3/TIMER4 Routine) 


JMPL Instruction 
(Jump to INT4/INTs5 Routine) 


Figure 1. ROM Memory Map 
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$000 






interrupt Control Bits 






$005 
$006 * 2 


























0 Port D DDRO (DDRO) | W 
RAM-mapped Registers Port D DORI (DDR1): W | $007*2 

PortD DDR2. - (DDR2): Ww | $008*2 

a Port D DOR3 (DDR3) | W | $009*? 















































































































































































Memory Registers (MR) Port R3 DDR (R3DR): W | $00A*2 
aa aca te Port R4 DDR (RaDR) | w | $00B*2 
Port R5 DDR (R5DR) | W | $00C*2 
Port R6 DDR (R6DR)' W | $00D*2 
(448 Digits) Port R8DDR (R8DR) : W | $00E*? 
Port RQ DDR (R9DR) : W | $OOF*2 
Serial Mode Reg. 1 (SMR1) | R/W | $010*2*3 
511 Serial Clock Reg. 1 (SCR). W | $011"? 
a secstices Serial Data Reg. 1 Lower ~ (SRIL) : R/W | $012*3 
Serial Data Reg. 1 Upper (SR1U) : R/W{ $013*5 
360 Serial Mode Reg. 2 (SMR2) | R/W | $014*2*3 
mack Serial Clock Reg. 2. (ScR2). w | $015*2 
oD ights) Serial Data Reg. 2 Lower (SR2L) : R/W| $0162 
1023 Serial Data Reg. 2 Upper (SR2U) | R/W| $017*3 
Timer Mode Reg. 1 (TMR1) |W $018 *? 
Timer Output Reg. 1 (TOR1) TR/W $01.9 *2*3 
cee (TC1L/TLR1L) B/W $O1A*3 
(TC1U/TLR1U) | R/W | $01B*3 
Timer Mode Reg. 2 (TMR2) | W $01C*2 
Timer Output Reg. 2 (TOR2) | R/W | $01D*2*3 
ee ae (TC2L/TLR2L) : $O1E*3 
(TC2U/TLR2U) | $O1F*3 
Timer Mode Reg. 3 (TMR3) : $020 *2 
Timer Output Reg. 3 (TOR3) : $021 *2*3 
ore __(TC3L/TLRAL) . $022*3 
(TC3U/TLR3U) : R/W | $023*3 
Timer Mode Reg. 4 (TMR4) |W $024*2 
Analog Mode Reg. (AMR): W | $025*2 
Port R DDR ~(RDR) | ws | $026*2 
Port Mode Reg. -4 (PMR) | W $027 *2 











$028 
$03F 






Not Used 


Timer/Event Counter 1 Lower 
26 (TC1L) ; $01A 


Timer/Event Counter 1 Upper ; Timer Load Reg. 1 Upper 
27 (TC1u) 8 (TLR1U) wiser 



















R: Read Only 30 
W: Write Only SRY OOP RSET 
R/W: Read/Write imer/Event Counter 2 Upper 
a (TC2U) 
Timer/Event Counter 3 Lower Timer Load Reg. 3 Lower ; 
34 (TC3L) (TLR3L) pw see 
Timer/Event Counter 3 Upper Timer Load Reg. 3 Upper ; 
35 (TC3U) — (TLR3U) Meoes 
3 are mapped on the same address. 
‘struction or REM/REMD instruction are available to these registers. 
:ruction is available to these registers. 
~ 
oO 
oO 


Figure 2. RAM Memory Map 
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bit 3 


bit 2 bit 1 bit O 













































0 IMO IFO RSP I/E $000 
(IM of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 
iF2 IM1 IF1 
1 $001 
(IM of INT2) (IF of INT2) (IM of INT1) (IF of INT1) 
IMS1 IFS1 IMT1 IFT1 
2 $002 
(IM of Serial 1) (IF of Serial 1) (IM of Timer 1) (IF of Timer 1) 
IMS2 IFS2 IMT2 IFT2 
3 ; ; $003 
(IM of Serial 2) (IF of Serial 2) (IM of Timer 2) (IF of Timer 2) 
IM3 IF3 IMT3 
4 
(IM of INT3) (IF of INT3) (IM of Timer 3) eee 





IM4 IF4 
(IM of INT4/INTs) | (IF of INTs/INTs) 


IMT4 
(IM of Timer 4) 















IF: Interrupt Request Flag 
IM: Interrupt Mask 

1/E: Interrupt Enable Flag 
SP: Stack Pointer 


Each bit in interrupt control bits area is set and reset by SEM/SEMD and REM/REMD instruction and is tested by 
TM/TMD instruction. It is not affected by other instructions. Furthermore, interrupt request flag is not affected by 
SEM/SEMD instruction. The contents of status becomes invalid when RSP bit is tested. 


Figure 3. Configuration of Interrupt Control Bit Area 


Memory Registers 


[Maco] $ 040 
rmaciy | $ 041 
rmacay | $042 
[macay | $ 043 
Tmacay | $044 
Tacs) | § 045 
[mney] $ 046 
[macy | $ 047 
[maa | $ 048 


|MR(9) | $ 049 
|MR(L0) | $ 04A 
|MR(11) | $ 048 
|MR(12) | $ 04c 
|MR(13)_| $ 04D 
|MR(L4) | $ 04E 


Stack Area 


bit 3 bit 2 bit 1 bit O 


PC2 | PCr 


[macis) | $ o4F 


PC,3—PC): Program Counter 
ST: Status 
CA: Carry 





Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 
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Accumulator 


Register B 


Register W 


Register X 
Register Y 
Register SPX 
Register SPY 


Carry 


sn 
O 


Program 
Counter 


Stack 
Pointer 





Figure 5. Registers and Flags 
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Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy trc to stabilize the 
oscillator. In all other cases, at least three 





instruction cycles are required to reset the 
MCU. 


Tables 1 and 2 show the parts and the status 
of each initialized by MCU reset. 


























































































































Table 1. Initial Value after MCU Reset 
Initial value after 
Items MCU reset Contents 
Program counter (PC) $0000 Execute program from the top of 
ROM address 
Status (ST) 1 Enable branch with conditional 
branch instructions 
Stack pointer (SP) $S3FF Stack level is O 
1/O pin Standard pin CMOS 1 Enable input 
output register SEE = SS 
NMOS Open 1 Enable input 
Drain 
High-voltage pin NMOS Open 1 Enable input 
Drain 
Interrupt flag Interrupt Enable Flag (1/E) O Inhibit all interrupt 
Interrupt Request Flag (IF) O No interrupt request 
Interrupt Mask (IM) 1 Mask interrupt request 
Mode Serial Mode Register (SMR1 to 2) 0000 Refer to Serial Mode Register 
Register Se = ea = pa 
Serial Clock Register (SCR1 to 2) 000 Refer to Serial Clock Register 
Timer Mode Registers 1-3 (TMR1-3) O000 Refer to Timer Mode Registers 1-3 
Timer Output Registers 1-3 (TOR1-3) 0000 Refer to Timer Output Register 
Timer Mode Register 4 (TMR4) 0000 Refer to Timer Mode Register 4 
Analog Mode Register (AMR) 0000 Refer to Analog Mode Register 
Port Mode Register (PMR) 0000 Refer to Port Mode Register 
Data Direction Register 0000 Refer to Data Direction Register 
(DDRO-3, R3DR-R9ODR, RDR) 
Timer/ Prescaler $000 
Counter, = a a ee ee ees 
Serial Timer/Counter (TC4) $00 
Interface Sa eis REE SS 
Timer/Event Counter (TC1-3) $00 
Timer Load Register (TLR1-3) $00 
Octal Counter 000 
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Table 2. MCU Reset after Stop 
After Recovering from STOP 


Item Mode by MCU Reset After All Other MCU Resets 
Carry _ (CA) The contents of the items just before The contents of the items just before 
MCU reset are not assured. MCU reset are not assured. 
Accumulator (A) 
It is necessary to initialize them by It is necessary to initialize them by 
Register B (B) software again. software again. 
Register W (W) 
Register X/SPX (X/SPX) 
Register Y/SPY (Y/SPY) 


Serial Data Register 1-2 (SR1-SR2) 


RAM The contents of RAM before MCU 
reset (just STOP instruction) are 
retained. 
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Interrupt 


The MCU can be interrupted by 12 different 
sources: the external signals (INTo, INTi, INT2, 
INTs, INTs, INTs), timers (timer 1, timer 2, 
timer 3, timer 4), and serial interfaces (serial 1, 
serial 2). 


Each interrupt source provides an interrupt 
request flag, and interrupt mask (INTs and 
INTs provide a common interrupt request flag 
and interrupt mask) to hold or control inter- 
rupt requests. Interrupt enable flags are 
available for controlling the total interrupt 
operations. Note that INT2 and timer 1, serial 
1 and timer 2, serial 2 and timer 3, INT3 and 
timer 4 use common vector addresses, 
respectively. Therefore, the interrupt 
requests must be checked by software ini- 
tially in the interrupt processing routine. 


Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $005 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared O, and the interrupt mask (IM) is set to 
1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 3 shows the interrupt 
priority and vector addresses, and table 4 
shows the interrupt conditions corresponding 
to each interrupt source. 


An interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
SOUICEeS. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the execution of 
instruction starts after jumping to the vector 
address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF, 
which caused the interrupt service, must be 
reset by software in the interrupt service 
program. 





Table 3. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector Addresses 


RESET ase $0000 
INTo 1 $0002 
INT, 2 $0004 
INT2/Timer 1 3 $0006 
Serial 1/Timer 2 4 $0008 
Serial 2/Timer 3 5 $O00A 
INT3/Timer 4 6 _ $000C 
INT4/INTs 7 SOO0E 
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Interrupt 
Enable 





INT2 


Timer 1 


Serial 1 


Timer 2 


Serial 2 


Timer 3 


Figure 6. 
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$000,0 


$000, 2 


$000,3 


$001,0 
$001,1 
$0012 


$001,3 


$002 ,0 
$002, 1 


IMT1 


$002 ,2 
$002.3 


Sequence Control 
- Push PC/CA/S 
* Reset I/E 


- Jump to Vector 


UG Address 
iT | 
cede 


Priority Control PLA 













Interrupt Control Circuit Block Diagram 
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Instruction 
Cycles 


Instruction 
execution 


Interrupt 
accepted 


Stacking, 
Reset of I/E 


Figure 7. 
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Stacking, 
Vector address 
is generated 


JMPL instruction execution on the 
vector address 





Interrupt Servicing Sequence 
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of the interrupt 
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‘Power 


No 





YES 





Interrupt 
Request — 






(A) 


Y 
es (C) 
Execute Interrupt 
Reset MCU instruction Accept . 


PC<-(PC) +1 














\/E<-O 
Stack<(PC) 
Stack<—(CA) 
Stack<—(ST) 


















INTo 
PC: $0002 Interrupt 
? 


PC: $0004 


= 



















(INT4/INTs Interrupt) 


Figure 8. Interrupt Servicing Flowchart 
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Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 5. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INT:, INTo2, 
INT3, INTa, INTs): External interrupt 
request flags are set at the falling edge of 
INTo, INT:, INT, inputs or the rising edge of 
INT2, INT3, INTs inputs. 


interrupt input by setting the appropriate bit 
of the port mode register (PMR: $027). When 
the port mode register has been reset, exter- 
nal interrupt input signals are masked to 
ignore external interrupt requests. 


When using INT, and INTs, set the external 
interrupt enable bit of the timer output reg- 
ister (TOR1: $019, TOR2: $01D). Then the data 
direction registers of the corresponding pins 
are automatically reset to receive the exter- 
nal interrupt input signals. When the inter- 
rupt enable bit has been reset, external 
interrupt input signal and external interrupt 
request will be ignored. 


Note that INTa and INTs use a common 


Table 4. Conditions of Interrupt Service 














external interrupt request flag. Therefore, 
when using these pins, use one external 
interrupt input pin, or check the interrupt by 
software before starting the processing. 


External Interrupt Request Flags (IFO: 
$000,2, IF1: $001,0, IF2: $001,2, IF3: $004, 
2, IF4: $005,2): IFo, IF: are set at the falling 
edge of INT o and INT: inputs, respectively 
(table 6). 


IF2, IF3 are set at the rising edge of INTz2 and 
INT3, respectively. 


IF4 is set at the falling edge of INT, or at the 
rising edge of INTs. 


External Interrupt Masks (IMO: $000,3, 
IM1: $001,1, IM2: $001,3, IM3: $004,3, IM4: 
$005,3): These bits mask interrupt request to 
be generated by external interrupt request 
flags (table 7). 


Timer Interrupt Request Flags (IFT1: 
$002,0, IFT2: $003,0, IFT3: $004,0, IFT4: 
$005,0): The timer interrupt request flags are 
set by the overflow output of timers 1-4. 
When timers 1-3 select PWM operation, over- 
flow output does not set the interrupt 
request flag. When timer 4 is selected as the 
watchdog timer, overflow output resets the 












































t4 oe a INT2/ Serial 1/ Serial 2/ INT3/ INT4/ 

Interrupt Control Bit INTo INT; Timer 1 Timer 2 Timer 3 Timer 4 INTs 

I/E 1 1 1 1 1 1 1 
“IrOiIMO8=8=©60™—™—~—<C—~«S«i Sti‘ O;:;*‘“‘i RM”: Ol OU 
“Et -IMT _ a 4 0 Oo. 8) 0 _ 0 
FQ IM2 i * 1 * 6) 0 - O O 
~(FT1 ITT + *« * 1 OF Of @ 0 

IFS1-IMS1 kg oe ee oO! oO 6) _ 
CUFT2IMT2 * 1 OO. 0 0 
“iS2IMS2 ROK a RO 
“IRTSIMTS RK * ee ee ; 
~1F3-1M3 i ae ae eo * 1 * 0 
CIT@IMT4 Kaa 

IF4-IM4 a ae x * Te ** ** 1 
* Don't care 
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MCU. Therefore, timer interrupt request flag 
is not set by overflow output (table 8). 


Timer Interrupt Masks (IMT1: $002,1, 
IMT2: $003,1, IMT3: $004,1, IMT4: $005,1): 
The timer interrupt masks mask the occur- 
rence of interrupt request to be generated by 
timers 1-4 interrupt request flags (table 9). 


Table 5. Interrupt Enable Flag 
Interrupt Enable Flag 


(1/E) Interrupt Enable/Disable 
0 Disable 
1 Enable 


Table 6. External Interrupt Request 
Flag 


External Interrupt Request Flags 
(IFS. IF1, ae) 


IF3, IF4 Interrupt Requests 
O No 
1 Yes 


Table 7. External Interrupt Mask 


External Interrupt Masks 
mee IM1, IM2, 


IM3, IM4 interrupt Requests 


Serial Interrupt Request Flags (IFS1: 
$002,2, IFS2: $003,2): The serial interrupt 
request flags are set when the octal counter 
counts 8 transfer clocks, or when the data 
transfer is suspended, then the octal counter 
is reset (table 10). 


Serial Interrupt Masks (IMS1: $002,3, 
IMS2: $003,3): The serial interrupt masks 
mask the interrupt request which the serial 
interrupt request flag generates. (table 11). 


Table 9. Timer Interrupt Masks 


Timer Interrupt Mask 
oe , IMT2 ) 


IMT3, IMT4 Interrupt Requests 
O Enable 
1 Disable (mask) 


Table 10. Serial Interrupt Request Flag 


Serial Interrupt Request Flag 


(1FS1, IFS2) Interrupt Requests 


O No 


1 Yes 


Table 11. Serial Interrupt Mask 


Serial Interrupt Mask 


(IMS1, IMS2) Interrupt Requests 


0) Enable 

0 Enanle 1 Disable (mask) 

1 Disable (masks) 
Table 8. Timer Interrupt Request Flags 

Timer Interrupt Request Flags 

fers eae) 

1FT3, IFT4 Interrupt Requests 
0 No 
1 Yes 
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Low Power Dissipation Mode 


The MCU has two low power dissipation 
modes: standby mode and stop mode (table 
12). Figure 9 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 


tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts, timer/counter, and _ serial 
interface working. On the other hand, the 
CPU stops since the clock related to the 
instruction execution stops. Registers, RAM, 
and I/O pins retain the states they were in 
just before the MCU went into standby mode. 


Table 12. Low Power Dissipation Mode Function 


Condition 
Timer/ 
Low Power Input/ Counter, 
Dissipation Oscillator Instruction Register, Interrupt Output Serial Recovery 
Mode Instruction Circuit Execution Flag Function RAM Pin Interface Method 
Standby mode SBY Active Stop Retained Active Retained Retained2 Active RESET 
instruction input, 
interrupt 
request 
Stop mode STOP Stop Stop RESET! Stop Retained High Stop RESET 
instruction impedance input 
Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to tables 1 and 2 for the 


contents of the flags and registers. 


2. [tf an I/O circuit is active, an |/O current may flow, depending on the state of I/O pin in 
standby mode. This is the additional current to the current dissipation in standby mode. 


Active 


1 


Standby 


-_ 
Lu 
YW) 
Lu 
ia a 


RESET=0O 





Figure 9. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. In the 
later case, the MCU becomes active and exe- 
cutes the next instruction following the SBY 
instruction. If the interrupt enable flag is 1 
when an interrupt request asserted, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. 


Figure 10 shows the flowchart of the standby 
mode. 





Processor Clocks 


(B) 


Execute 
Instruction 


Reset MCU 





Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stops. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 11, reset 
input must be applied for at least trc to stabi- 
lize oscillation. (Refer to AC Characteristics 
table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, 
registers B, W, X/SPX, and Y/SPY, carry, and 
serial data register do not retain their con- 
tents. 


Restart Yes 
Processor Clocks 

Execute 

Next Instruction 
“<> 


Yes (C) 


Interrupt 
Accept 


Figure 10. MCU Operating Flowchart in Standby Mode 
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| Stop mode | 
oseittor TIM =, Ao 
Internal clock FLAS 


RESET -——_—_——————————_f 


STOP instruction execution 
(More than stabilization time: trc) 





Figure 11. Timing Chart of Recovering from Stop Mode 
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Internal Oscillator Circuit 


Figure 12 outlines the internal oscillator cir- 
cuit. Crystal oscillator or ceramic filter oscil- 


Divide 
circuit 
1/8 





Figure 12. 


Table 13. Examples of Oscillator Circuits 


8 


lator can be selected as the oscillator type. 
Refer to table 13 to select the type. In addi- 
tion, see figure 13 for layout of the crystal or 
ceramic filter. 


Timing 
generator 
circuit 


r 


Internal Oscillator Circuit 


External Clock 
Operation 


Oscillator 


OSC; 


Open—OSC2 


Ceramic Filter 


Oscillator Ceramic 


filter 


Crystal Oscillator Crystal 


OSC? 


C2 

GND 
AT cut parallel 
resonance crystal 


Osc, + L Cr'Rs F+OsC: 
Co 





Ceramic filter 

CSA8.00MT 

(Murata) 

: 1 Mo 
: 30 pF 
»: 30 pF 


I+ 


20% 
20% 
20% 


It I+ 


> 1MQ + 20% 
: 10-22 pF + 20% 
: 10-22 pF + 20% 
Crystal: equivalent to circuit shown 
Co: 7 pF max. 
Rs: 100 2 max. 
f: 1.0—9.0 MHz 


Since the circuit constant changes according to the crystal and ceramic filter resonator and 


stray capacitance of the board, please consult with the engineers of crystal or ceramic filter 


Wiring among OSC;, OSC2, and elements should be as short as possible, and never cross 


Notes: 1. 
maker to determine the circuit parameters. 
2 
other wiring. Refer to figure 13. 
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N 





Figure 13. Layout of Crystal and Ceramic Filter 
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Input/Output 


The MCU provides 58 I/O pins. Each port 
provides a data direction register (DDR). Each 
bit of ports D, R3, R4, R5, R6, R8, RY can be 
individually programmed as an input or as an 
output. Ports RO, R1, R2, RA can be individu- 
ally programmed as input or as an output. 
Port R7 is a 4-bit input only port. 


Port D: Port D consists of 16 high-current I/O 
pins. Each bit of port D can be individually 
programmed as an input or as an output by 
port D data direction register (DDRO-DDR3) 
(O = input, 1 = output). Port D becomes an 
input port at MCU reset. Port D can be set/ 
reset by SED/RED and SEDD/REDD instruc- 
tion, and tested by TD/TDD instruction. The 
data direction register can be set or reset 
either by SEM/REM instruction or SEMD/ 
REMD instruction. 


Port R: Ports RO-R9 are 4-bit I/O ports. Port 
RA is a 2-bit I/O port. 


Ports RO, R1, R2: Ports RO, R1, and R2 are 4-bit 
I/O ports. Each port can be individually pro- 
grammed as an input or as an output by the 
port R data direction register (RDR) (O = 
input, 1 = output). Ports RO, R1, R2 become 
input ports at the MCU reset. These ports 
receive data by LAR/LBR instruction and 
transmit data by LRA/LRB instruction. The 
data direction register can be set/reset either 
by SEM/REM instruction or SEMD/REMD 
instruction. 


_ Port R3: Port R3 is a 4-bit I/O port. Each bit of 
port R3 can be individually programmed as 
an input or as an output by the port R3 data 
direction register (R3DR) (O = input, 1 = 
output), Port R3 becomes an input port at 
MCU reset. 


Note that port R3 is multiplexed with exter- 
nal interrupt input pins (INTo, INTi, INT», 
INT3). These pins can be used as interrupt 
input pins when the data direction register of 
the appropriate bit is automatically reset 
with an interrupt enable bit of the port mode 
register (PMR) been set. 








Port R3 receive data by LAR/LBR instruction, 
and transmits data by LRA/LRB instruction. 
The data direction register can be reset either 
by SEM/REM instruction or SEMD/REMD 
instruction. 


Port R4: Port R4 is a 4-bit I/O port. Each bit of 
port R4 can be individually programmed as 
an input or as an output by port R data 
direction register (R4DR) (0 = input, 1 = 


output). Port R4 becomes an input port at 
MCU reset. 


Note that pins R49, R41, R42 of port R4 are 
multiplexed with SCK:, SI:, SO; of the serial 
interface 1, respectively. R43 is multiplexed 
with the reference voltage input (Vrer) for 
comparator input. | 


Port R4 receive data by LAR/LBR instruction, 
and transmits data by LRA/LRB instruction. 
The data direction register can be set/reset 
either by SEM/REM instruction or SEMD/ 
REMD instruction. 


Port R5: Port R5 is a 4-bit I/O port. Each bit of 
port R5 can be individually programmed as 
an input or as an output by port R5 data 
direction register (R5DR) (O = input, 1 = 
output). Port R5 becomes an input port at 
MCU reset. 


Note that port R5 is multiplexed with exter- 
nal interrupts (INT, INTs), timer inputs (Th, 
TIz), and timer outputs (TO;, TO2).(R50/INT4/ 
Th, R51/INTs/Tl2, R52/TO;, R53/TO2). Th, and TI 
become clock input pins when timer is used 
as an event counter. TO: and TO2 becomes 
clock output pins of timers 1 and 2, respec- 
tively. These pins transmit clocks (with 
appropriate cycles) and PWM output signals 
through the use of the reload function. 


Port R5 receives data by LAR/LBR instruc- 
tion, and transmits data by LRA/LRB instruc- 
tion. The data direction register can be set/ 
cleared by SEM/REM instruction, or SEMD/ 
REMD instruction. 


Port R6: Port R6 is a 4-bit I/O port. Each bit of 
port R6 can be individually programmed as 
an input or as an output by programming the 
port R6 data direction register (R6DR) (0 = 
input, 1 = output). Port R6 becomes an input 
port at MCU reset. 


R60 is multiplexed with TO3. R6;, R62, R63 
are multiplexed with SCKa2, Sle, SO2 of the 
serial interface, respectively. 


Port R6 receives data by LAR/LBR instruc- 
tion, and transmits data by LRA/LRB instruc- 
tion. The data direction register can be set/ 
cleared by SEM/REM instruction or SEMD/ 
REMD instruction. 


Port R7 (analog input port): Port R7 is a 4-bit 
port which provides the digital input and 
analog input operation modes. These modes 
are available to each bit by programming the 
analog mode register (AMR). 
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In the digital input mode, port R7 is available 
as an input-only port with characteristics 
equivalent to other I/O ports. In the analog 
input mode, port R7 reads the comparison 
result between the reference voltage which 
is input by R43/Vrer and the input voltage of 
port, as an input data. 


In the analog input mode, direct current con- 
stantly flows in the analog comparator to 
assure its characteristics. Thus the MCU con- 
sumes power in the analog input mode. The 
power consumption cannot be reduced even 
with the reduction of the operation cycle. 
Therefore, you should not put port R7 into the 
analog input mode, except when analog 
comparison is required. In this case, 2 
instruction cycles are required after R7 goes 
into the analog input mode until the analog 
comparator is stabilized to read the precise 
data. Therefore, read the data after at least 2 
instruction cycles after you put R7 into the 
analog input mode. The analog comparator 
holds its state in the standby mode, but stops 
operating in the stop mode. 


Ports R8, R9: Ports R8 and RQ are 4-bit I/O 
ports. These ports are standard I/O ports for 
the HD404418 and HD4074418, and high- 
voltage ports which can apply 12.8 V max 
voltage for the HD4074408. 


I/O direction is specified by the port 8 data 
direction register (R8DR) and port 9 data 
direction register (R9DR) on a bit basis (O= 
input, 1=output). Ports 8 and 9 become 
inputs at reset since the registers are cleared 
by reset input. 


Ports R8 and R9 receive data by LAR/LBR 
instruction, and transmit data by LRA/LRB 
instruction. The data direction register can be 
set/reset by SEM/REM instruction or SEMD/ 
REMD instruction. 


Port RA: Port RA is a 2-bit I/O port. Port RA 
can be programmed as an input or as an 
output by port R data direction register (RDR) 
(O = input, 1 = output). The RDR is cleared at 
MCU reset, then becomes an input port. 


Port RA receives data by LAR/LBR instruc- 
tion, and transmits data by LRA/LRB instruc- 
tion. The data direction register can be set/ 
reset by SEM/REM instruction, or SEMD/ 
REMD instruction. 


Data Direction Register (S006-SOOF, 
$026): The 4-bit write-only data direction 
registers (DDRO-DDR3, RDR, R3DR-R9YDR) 
(table 14) control input/output selection of 


the I/O port. Each bit of ports D, R3-R6, R8, R9 
can be individually programmed as an input 
or aS an output by the DDR for each bit. 


Ports RO-R2, RA can be individually pro- 
grammed as input or as output by the DDR 
for each port. 


When functioning as an input port, each port 
reads data from pins. When functioning as an 
output port, each port reads data from the 
data register. Thus, the MCU reads the trans- 
mitted data precisely even when the output 
is changing. 


Each DDR is reset to 0 at MCU reset. Then 
each port becomes an input port immediately 
after the MCU reset. To use as an output port, 
set the DDR to 1 in the initialize routine of the 
program. 


Port D Data Direction Register (DDRO: $006, 
DDR1: $007, DDR2: $008, DDR3: $009): Each 
bit of port D can be individually programmed 
as an input or as an output port. Port D 
becomes an input port at MCU reset (figure 
14). 


Port R Data Direction Register (RDR: $026): 
Ports RO, Ri, R2, RA can be individually 
programmed as an input or as an output. 
When reset, each port becomes an input port 
(figure 15). 


Ports R3-R9 Data Direction Register (R3DR: 
$00A, R4DR: $00B, R5DR: $00C, R6DR: $OOD, 
R8DR: $00EF, R9DR: $00F): Each bit of ports 
R3-R9 can be individually programmed as an 
input port. Each port becomes an input at 
MCU reset (figure 16). 


I/O Circuit Configuration: The basic port 
I/O circuit type is CMOS. (R7 is an input 
circuit, RA an NMOS open-drain I/O circuit.) 
See table 15. 


Ports 8 and 9 are CMOS I/O circuits for the 
HD404418 and HD4074418, NMOS open-drain . 
1/O circuits for the HD4074408. 


The direction of any type of I/O pin can be 
controlled by the data direction register. 


To prevent floating input pins on. the 
HD404418, a pull-up MOS can be attached to 
I/O circuits (Do-Dis, RO-R6) via mask option. It 
can be selected for any pin. For the 
HD4074418 and HD4074408, all circuits are 
specified as without pull-up MOS. See figures 
17-19 for circuit configurations. 
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Table 14. Data Direction Register 


(DDR) 
DDR Port Condition 
Oo | Input Port (Output Buffer Off) 
1 Output Port (Output Buffer On) 













2 1 
DDRO D3 D2 Di Do 
($006) DDR DDR DDR DDR 
DDR1 D7 | De Ds Da 
($007) DDR DDR DDR DDR 

— DDR2 Dit Dio Do Dg 
($008) DDR DDR DDR DDR 
DDR3 | Dis | Dia | Dis | Die 
($009) DDR DDR DDR DDR 


2 41 
R33 R32 R3, R30 
DDR | DDR | DDR | DDR 
R43 R4, R4, R45 
DDR | DDR | DDR | DDR 
R53 R52 R5, R55 
DDR | DDR | DDR | DDR 


R63 R62 R6, R60 
DDR DDR DDR DDR 
Figure 14. Port D Data Direction R83 R82 R8, R80 

. Register DDR | DDR | DDR | DDR 


R93 R92 RQ, RQ | 
DDR | DDR | DDR | DDR 






3 2 1 0 





RDR RA R2 R1 RO 
. ($026) | DDR | DDR |; DDR | DDR 


Figure 16. Ports R3-R9 Data Direction 
Register 





Figure 15. Port R Data Direction 
Register 
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Table 15. I/O Pin Circuit Type 






Applied Pins 
HD404418 |H D407441 8 | HD4074408 


Do— Dig (Note) 
ROo—RO3 (N9"*)| ROp—RO3 
R19—R13 (N98)| R19g—-R13 
R29—R23 (Nt®)| R29—-R23 
R39—R33 (N9)) R39 —R33 
R49—R43 (N9t)] R49 —R43 
R5o— R53 (N98)! R5g—-R53 
R6o— R63 (N9t*)) R6g— R63 


Circuit 







1/O Pins 


SOS SCE SES anne nint semen mma eR tinker carr Fenn rns reese na a 

























Do-D15 Nor 
RO g—RO3 ot 
R1o—R13 (Note) 
R29-R23 (N92) 
R39 —R33 (Note) 
R49 — R43 (Note) 
R5o—R53 (N9te) 
R69—R63 (N32) 


RAo, RA, RAo, RA, RAo, RA, 
SCKy SCK, 
SCKo SCK2 













1/O Pins 


Standard Pins - High-Current Pins 






S SCK, (External) 
, SCKz (External) 












HLT ede 
SCK, (Note1) 


SCKo (Note1) 












SCK, Internal Clock Enable 
SCK> Internal Clock Enable 
gee SCK, (internal) 

SCKgz (internal) 
















SCK, (External) 
SCK> (External) 














HLT 





SCK, Internal Clock Enable 
SCK2 Internal Clock Enable 
SCK, (Internal) 

SCK,2 (Internal) 


SCKy (Note1) 
SCK2 (Note1) 









(With Pull-up MOS) 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 * (415) 589-8300 687 








HD404418/HD4074418 /HD4074408 


Table 15. I/O Pin Circuit Type (Cont) 


Applied Pins 
1/O Pins 
HD404418 HD4074418 | HD4074408 


Input Signal 






Digital Input Data 

















R79-R73 R79—-R73 R79-R73 
Analog Input Data 
Veet 
rae - INTo, INT) (NG) ] INTo, INT, | INTo, INT, 
se C= ara NoINTLINT? | INTo, INT3 Note INT2, INT3 | INT2, INT3 
Tl. Tlo;Sh,,Sl INTa, INTs (Note INTa, INTs INT4, INTs 
Thy, Tlo (Note1) Th, , Ilo Th, , Ilo 
a Sly, Sl2 (Note1) Si,, Slo Sly, Slo 
= 
D wie Bl Re oe SB tek ae 
S 
S — Ra Nee 
a [—o<}- ATT INT,.INT;,INT, sine ae Nav 
INT3,INTg,INTs INT2, INT3 i. 
Th. Tly,Sh.Sly INT4, INTs (N9te) 
(With Pull-up MOS) Tl, Tho (Notet) 
Sl1, Sl2 (Note) 
HUT 
SClI,, SCly Transmit 
Output Enabte: Timer 1-3 SO, SO2 SO1, SO2 S01, SO2 
Pins Output Enable TO;, TO2, TO3 | TO1, TO2, TO3 | TO4, TO2, TO3 
——— $0,, SO2 
TO, TO>, TOs 
Input Signal 
Input Data 
” 
= 
OH 
<b) ; 
@ I/O Pins R8o0- R83 
iS) R99—-R93 
= 
a on 
& 
x 


Notes: 1. Either without pull-up MOS or with pull-up MOS can be specified for each pin via mask option. (Circuit with pull-up MOS is 

provided only for the HD404418.) 

2. HLT signal becomes 0 in stop mode. Then I/O pins and output pins are in high-impedance state, and all pull-up MOSs turn off. 

3. When serial clock registers bits 2 are 1, pins R4g/SCK, and R64/SCKy become SCK; and SCK>2 outputs respectively when 
SCK, and SCK9 internal clock enable signals are set to O by putting the serial clock registers in transfer clock output mode. The 
pins become SCK, and SCK9 outputs when SCK, and SCK9 internal clock signals are set to 1 by putting the serial clock registers 
in transfer clock input mode. 

4. When SCI; and SCl9 are set to transmit or transmit/receive mode, SCI,, SCl2 transmit enable signal becomes 1, then SO, and 
SO pins become outputs. Pins TO,-TO3 become output if the timer output registers 1-3 are set to timer output state or PWM 
active state. 
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Input Buffer 


<a 


PDR 
(1 bit) 


Vec 












MPX 


(1 bit) Pull-up MOS 





Internal Bus 






-—--Mask 
'Option 


z 
i 
L_ _ _ -(HD404418 only) 


Figure 17. Ports D, R3-R6, R8, R9 Configuration 


Input Buffer 


a 
3 
{es} 
i) 
c 
— 
d 
we 
= 


PDR 
(4 bits) 


---—-Mask 
Cc 7 
DDR ' Option 
(1 bit) t ---4(HD404418 only) 


HLT 





Figure 18. Ports RO-R2, RA Configuration 


Input Buffer 


MPX 
(1 bit) 


AMR 
(1 bit) 


Analog 
Comparator 


n 
3 
a 
) 
c 
a 
® 
2 
= 


Vet (Common) 





Figure 19. Port R7 Configuration 
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Pin Function Control: Several pins are 
multiplexed with the timer or serial interface 
I/O pins. The functions of these pins are 
controlled by the corresponding mode regis- 
ters. 


Port Mode Register (PMR: $027): The port 
mode register is a 4-bit write-only register 
which controls pins R30/INTo, R3:/INTi, R32/ 
INT2 and R33/INT3 as shown in table 16. The 
port mode register is initialized to $0 by MCU 
reset. These pins are therefore used as ports. 


IFo or IF; is set if R30/INTo or R3:/INT: is low 
when you set bit 0 or bit 1 of the port mode 
register. IF2 or IF3 is set if R3:/INTz2, or R32/ 
INT3 are high when you set bit 2 or bit 3 of 


the port mode register. Keep this in mind 
when you use external interrupts. 


Analog Mode Register (AMR: $025): The 
analog mode register is a 4-bit write-only 
register. Each bit controls the operation 
modes of R7o-R73 inputs (table 16). The data 
direction register of R43 is automatically reset 
when analog input mode is selected by set- 
ting a bit of the analog mode register. Then 
the analog comparator receives the reference 
voltage (Vier) of the analog input. 


Note that all bits of the analog mode register 
are initialized to 0 at MCU reset. Thus, pins R7o- 
R73 go into the digital input mode at the MCU 
reset. 





Table 16. Pin Function Control 
PMR (Port Mode Register: $027) 


Bit 3 Bit 2 Bit 1 Bit O 


Pin R33/INT3 R32/INT2 R3,/INT; R30/INTo 
Bit=O R33 R32 R3, R30 
Bit=1 INT3 INT INT, INTo 


AMR (Analog Mode Register: $025) 


SMR 1 (Serial Mode Register 1: $010) 


Bit 2 Bit 1 Bit O 
Pin R40/SCK; R4,/SI; R42/SO; 
Bit=O R40 R4, R42 
Bit=1 SCK, Sh; SO; 


SMR 2 (Serial Mode Register 2: $014) 


Bit 3 Bit 2 Bit 1 Bit O Bit 2 Bit 1 Bit O 

Pin R73 R72 R74 R7o Pin R63/SCK2 R62/Slo R6,/SO2 
Bit=O Digital Digital Digital Digital Bit=O R63 R62 R64 
Bit=1 Analog) Analog Analog’ Analog Bit=1 SCK> Slo SO> 
AMR (Analog Mode Register : $025) 
Bit 3—0 R43/Vrot 

0000 R43 
not 0000 Vref 
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Serial Mode Registers (SMR1: $010, 
SMR2: $014): The serial mode registers are 4- 
bit read/write registers which control pins 
R40/SCKi, R63/SCKz2, R41/Sh, R62/SI2, R42/SOi, 
and R6:/SO2 as shown in table 16. For details, 
refer to the serial interface section. 





Timer Mode Registers (TMR1: $018, 
TMR2: S$01C): The timer mode registers are 
4-bit write-only registers which control pins 
R§0/INTa/Tlh and R5:/INTs/TIz2 as shown in 
Table 16. For details, refer to the timer sec- 
tion. 


Table 16. Pin Function Control (Cont) 
TMR1 (Timer Mode Register 1: $018) 
Bit 2-0 R50/INT4/TI, 


not 1 1 1 R50/INTa 


111 Th 


TMR2 (Timer Mode Register 2: $01C) 


Bit 2-0 R5,/INTs/Tl2 
not 11 1 R50/INTs5 
111 Tlo 


TOR1 (Timer Output Register 1: $019) 


Bit 3 R50/INT4/Thy 
@) R50/TIy 
1 INT, 
Bit 
2 1 0 R52/TO, 
O O O R52 
0 0 1 TO, 
0 1 0 
O 1 1 
1 x X 


Timer Output Registers (TOR1: $019, 
TOR2: $01D, TOR3: $021): The timer output 
registers are 4-bit read/write registers which 
control pins R5o0/INT4/Th, R5:/INTs/TI2, R52/ 
TO, R53/TO2, and R69/TO3 as shown in Table 
16. For details, refer to the timer section. 


Unused I/O Pins: If unused I/O pins left 
floating, the LSI may malfunction because of 
noise. To prevent this, unused pins should be 
dealt with as follows: 


Standard I/O pins: Pull up to Vcc through 
about 100 kO resistor. 

Standard input pins: Connect to Vcc. 

High-voltage pins: Connect to GND. 


TOR2 (Timer Output Register 2: $01D) 


Bit 3 R51/INTs/Tl2 
0) R51/Tlo 
1 INTs 
Bit 
2 1 0 R53/TO2 
0 O O R53 
@) 0 1 TO2 
) 1 0 
0 1 1 
1 Xx X 


TOR3 (Timer Output Register 3: $021) 


Bit 
2 1 0 R60/TO3 
0 0 O R60 
0 O 1 TO3 
0 1 0 
0 1 1 
1 4 X 


Note: x=Don't care 
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Unused pins must retain the state of reset in 
the program. The program should not change 
DDR and register values. 


Timer 


The MCU contains a prescaler and 4 timers/ 
counters (timers 1-4). Figures 20 and 21 show 
their block diagrams. 


Timers 1-3 are versatile timers/counters pro- 
viding the following functions: free-running 
timers/counters, reload timers/counters, and 
pulse width modulation (PWM) circuit, etc. 
The functions are controllable by software. 
Each timer provides a timer output pin which 
permits the MCU to transmit the clock signal 
with an appropriate cycle in combination 
with the reload function and the PWM out- 
put. Timer 4 is a free-running counter which 
is also available as a watchdog timer (WDT) 
provided with a hardware reset function 
selectable by mask option. 


Prescaler: The input clock to the prescaler is 
a system clock signal. The prescaler is initial- 
ized to $000 at MCU reset, then it starts to 
count up the system clock signals. The pre- 
scaler keeps counting up except at MCU reset 
and the stop mode. Prescaler outputs provide 
timer input clocks and serial interface trans- 
fer clocks. Their divide ratios can be selected 
by the timer mode registers (TMR1-TMR4), 
and the serial clock registers (SCR1, SCR2), 
respectively. 


Timers 1-3 Operation: Timers 1-3 are ver- 
satile timers provided with following func- 
tions: free-running timers, event counters, 
reload timers, and PWM circuit. The functions 
are controllable by software and selectable 
by the timer mode registers (TMR1, TMR2, 
TMR3) and the timer output registers (TOR1, 
TOR2, TOR3) for each timer. 


The timers/counters (TC1-TC3) count up with 
every input clock after they have been 
initialized at MCU reset. When used as 
timers/counters, the clock divided by the 
prescaler is available as an input clock. When 
used as an event counter, external clock is 
available. When selecting external clock 
input, an interrupt enable bit in the timer 
output register must be reset in order to 
disable the external interrupt (timer 3 does 
not have an external clock input)... 


The timer interrupt request flags (IFT1, IFT2, 
IFT3) are set with the input clock supply after 
timer counter has become $FF. When auto- 
reload function is not selected, timers 1-3 
become free-run timers/event counters, and 


restart counting up after they have been 
reinitialized to $00. When you select auto- 
reload function, timers 1-3 become reload 
timers, and the data in the timer load regis- 
ters (TL1R, TL2R, TL3R) are reloaded into the 
timer/counter with the input clock supply 
after the timer/counter reaches $FF. Then 
timers 1-3 starts counting up. 


Timers 1-3 also provide a timer output circuit, 
which affects the output level when the 
input clock supply after timer counter has 
become $FF. This circuit can transmit a clock 
signal (with an appropriate cycle) in combi- 
nation with the reload timer. When you select 
PWM function by the timer output register, 
PWM output is available. PWM output 
transmits high during the clock cycle speci- 
fied in the timer load register (1 cycle = 1 
timer input clock x 256), and transmits low 
otherwise. To obtain a voltage level in pro- 
portion to the timer load register value, 
combine PWM output with a lowpass filter. 


Timer 4 Operation: Timer 4 is an 8-bit free- 
running/watchdog timer. When timer 4 is 
used as a free-running timer, 8 clocks divided 
by the prescaler can be selected as input 
clocks. Timer 4 is initialized to $00 at MCU 
reset, then counts up every input clock signal. 
If a clock signal is applied after the timer 
becomes $FF, the timer returns to $00, then 
continue counting. At the same time the 
timer interrupt request flag is set. 


When timer 4 is used as a watchdog timer, 
input clock is specified as the 1/2048 output 
divided by the prescaler. The watchdog timer 
is initialized to $00 at MCU reset, then counts 
up every input clock signal. If a clock signal is 
applied after the timer becomes $FF, an 
overflow is generated and hardware reset 
function is enabled for the MCU. 


After reset, the MCU re-executes the pro- 
gram from the beginning. Therefore, to 
operate the system normally, the program 
should set the watchdog timer reset bit ina 
cycle shorter than 2'9. The program resets 
the MCU at overflow generation if the MCU 
malfunctions because of noise. This function 
is effective for improving system reliability. 


Timer 4 function of the HD404418 is selected 
via mask option. For the HD4074418 and 
HD4074408, watchdog timer versions are 
provided in addition to free-running timer 
versions. 


Note that the type names of the watchdog 
timer versions differ from that of the free- 
running timer versions. 
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Timer Mode Registers 1-3 (TMR1: $018, 
TMR2: $01C, TMR3: $020): The 4-bit write- 
only timer mode registers 1-3 select the auto- 
reload function, the prescaler divide ratio, 
and the source of the input clock signal (table 
17). The timer mode registers 1-3 are initial- 
ized to $0 at MCU reset. 


Users can change the data in the timer mode 
register after the second instruction cycle of 
writing into the timer mode registers 1-3. 
Initialize timers 1-3 by programming the 
timer load register after the data of the TMR 
are changed. 


Note that timer 3 does not provide an event 


input pin. Therefore, timer 3 is unavailable as 
an event counter. 


Table 17. Timer Mode Register 1-3 


TMR1, TMR2, TMR3 





Bit 3 Auto-Reload Function 
O No 
1 Yes 


TMR1, TMR2, TMR3 prescaler Divide Ratio 
Bit2 Bit1 Bito Clock Input Source 











O 0 0 + 2048 
O 0 1 qa 612 
O i 0 = 428 
O 1 1 = oe 
1 0 0 = 8 7 
1 0 1 ] 4 
1 1 O = 2 


—_ 
—_ 
—_ 


Tl;, Tle (External event 
inputs) 


Note: External event input is unavailable, as 

timer 3 does not provide an event input 
pin. 
If you select external event input at timers 
1, 2, ports R50, R5; data direction regis- 
ters are automatically reset, then become 
inputs. 


Timer Mode Register 4 (TMR: $024): The 
timer mode register 4 is a write only register. 
The function differs depending on the timer 4 
function. When timer 4 functions as a free- 
running counter, bits 0-2 affects the opera- 
tion of timer 4 (table 18). When users select 
watchdog timer by mask option, bit 3 affects 
the timer 4 (watchdog timer) operation. 


Timer Output Registers (TOR1: $019, 
TOR2: $01D, TOR3: $021) The timer output 
registers are 4-bit read/write registers which 
control timer 1-3 output mode, PWM output 
selection, and external interrupts multiplex- 
ed with timer input pin (table 19). 


When bits 0 and 1 of the timer output regis- 
ters go into any mode other than timer out- 


put inhibit mode, the pins become timer 
output pins automatically. These modes are 


Table 18. Timer Mode Register 4 


TMR4 





Bit 3 Function 


O Does not affect the watchdog timer opera- 








tion 
1 Watchdog timer is reset, then restarts 


counting up from $00 


Note: Bit 3 is available when timer 4 is function- 
ing as a watchdog timer. When timer 4 is 
functioning as a free-running counter, bit 
3 is unavailable. 


TMR4 

Bit2 Bit1 BitO Prescaler Divide Ratio 

O 0 O + 2048 

O O 1 + 1024 7 
O 1 O = S12 

O 1 1 _ = 128 

1 O O 4 

1 0 1 = 8 

1 1 0 a 4 


1 1 1 + 2 


Note: Bits O-2 are available when timer 4 is 
functioning as a free-running timer. When 
timer 4 is functioning as a watchdog 
timer, they are independent of timer 4 
operation. 
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available for transmitting clock signals (with 
appropriate cycles and duties) in combination 
with each mode of timers 1-3. When you 
select the PWM output, timer output pin 
becomes PWM output independent of timer 
output mode. 


The data of the timer output register changes 
after the second instruction cycle of writing 
into the timer output register. The timer 
output register 3 becomes a 3-bit register 
without bit 3, because timer 3 does not pro- 
vide an event input pin. 


Timers 1-3 (TC1L: $01A, TC1U: S$O1B, 
TL1IL: $01A, TL1U: $01B, TC2L: S$01E, 
TC2U: S$O1F, TL2L: S01E, TL2U: SO1F, 
TC3L: $022, TC3U: $023, TL3L: $022, 
TL3U: $023): Timers 1-3 consists of an 8-bit 
write-only timer load register and an 8-bit 
read-only timer/event counter. Each of them 


Table 19. Timer Output Register 


provides low order digits (TC1L: $01A, TC2L: 
$01E, TC3L: $022), and high-order digits 
(TC1U: $01B, TC2U: $01F, TC3U: $023). Refer 
to figure 20. 


The timer/event counter can be initialized by 
programming the timer load register. In this 
case, write the low-order digits first, then the 
high-order digits. The timer/event counter is 
initialized according to the timer load register 
value when the high-order digit is written. 
The timer load register is initialized to $00 at 
MCU reset. 


The counter value of timers 1-3 can be 
obtained by reading the timer/event counter. 
In this case, read the high-order digit first, 
then the low-order digit. The count value of 
the low-order digit is latched when the high- 
order digit is read. 


TOR1, TOR2 

Bit 3 INT,, INTs External Interrupts 

O Inhibits the INT4, INTs external interrupts 

1 Enables the INTa, INTs external interrupts _~ 


Note: Port R5o, R5; data direction registers are automatically reset when bits 3 of the TOR1 and TOR2 


are set, then become inputs. 
TOR1, TOR2, TOR3 


Bit 2 PWM Function 


0 Normal timer operation 
1 PWM operation, transmits data from TO;, TO2, TO3 


Note: The data direction register for ports R52, R53, R60 are automatically set when bits 2 of TOR1, 
TOR2, and TORS are set, then become outputs. 


TOR1, TOR2, TORS 





Bit 1 Bit O Timer Output Mode 

O 0 Inhibits timer output 

0 1 Transmits 1 synchronously with timer overflow output (Toggle a 
output mode) 

1 0 Transmits reverse level synchronously with timer output a 


Output mode) 


Transmits O synchronously with timer overflow output (O output 
mode) 


Note: The data direction registers for ports R52, R53, R6o are automatically set when bits O and 1 for 
TOR1, TOR2, TORS are other than OO. 
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Operation Mode of Timers 1-3: Timers 1-3 
provide the following 3 timer functions: free- 
running, reload, and PWM. Internal/external 
clock input and the absence/presence of the 
timer output are also selectable. The combi- 
nation of these functions are available for 
selecting a variety of operation modes. 


Internal Bus Line (S2) 


TMR1 
TMR2 (4 bits) 
TMR3 


Reload 
Control 
Circuit 


Timer 1—3 MPX 
N 
~|s rae) 
- le 3 ‘I: a | 


Prescaler (11 bits) 


Th, CS) 

Tle 
System 
Clock 


TC1/TC2/TC3 (8 bits) Output 
eee) 





Table 20 describes the combinations of timers 
1-3 operation mode selection. Select the 
operation mode according to this table in 
order to set the appropriate data to the timer 
mode register and the timer output register. 
Figure 22 illustrates an example of timer 
output waveform. Note that output 


Internal Bus Line (S1) 


4 
TLi/L2/ IFT 1 
(4 bits) ie IFT2 
(Timer Latch Reg.) & IFT3 


Control 
imer/Event Counter) Circuit 


TL1R/TL2R/TL3R (8 bits) 
(Timer Load Register) 
4 
Internal Bus Line (S2) 


Figure 20. Timer 1-3 Block Diagram 


Internal Bus Line (S2) 


System From RESET 
Reset Terminal 


TC4 (8 bits) 
(Timer Counter) 


HD4074408 
HD4074418 


O 
: a Come 440801 
Watchdog timer (WDT) ui HD40744080 


Free-running timer 


| === No | HD407441801 





Figure 21. Timer 4 Block Diagram 
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waveform differs depending on operation 
modes. 


Table 20. Combinations of Timer 1-3 Operation Modes 


TMR1, TMR2, TMRS3 TOR1, TOR2, TOR3 


Bit3 Bit2 Biti BitO Bit3 Bit2 Bit1 BitO Timer Input Pin Timer Output Pin Timer 1-3 Function 
O Note 3 Note3 Note3 O O 0) 0 R5o0,R51 R52,R53,R60 Free-Running 
0) Note 3 Note3 Note3 O O Note 2 Note2 R5o,R5; TO;1,T02,TO3 Timer 
0 Note3 Note3 Note3 1 0 0 0 INTa, INTs R52,R53,R60 
0 Note 3 Note3 Note3 1 0 Note 2 Note2 INT4,INTs TO1,T02,TO3 
0 1 1 1 0 0 O 0 TI, Tle R52,R53,R60 Event Counter 
O 1 1 1 0 O  Note2 Note2 Th,Tle TO,,TO2,TO3 
1 Note 3 Note3 Note3 O O O O R50,R5; R52,R53,R60 Reload Timer 
1 Note 3 Note3 Note3 O 0 Note 2 Note2 R5o,R5; TO;,TO2,TO3 
1 Note3 Note3 Note3 1 fe) O 0 INTg, INTs R52,R53,R60 
1 Note3 Note3 Note3 1 0 Note2 Note2 INT4,INTs5  TO1,TO2,TO3 
1 1 1 1 0 0 0 0 TIy, Tle R52,R53,R60 Event Counter (With 
1 1 1 1 O O Note 2 Note2 Tly,Tlo TO;,T02,TO3 Reload Function) 
Note1 Note3 Note3 Note3 O 1 Note 1 Note1 R5o,R51 TO1,TO2,TO3 PWM (Note 4) 
Note 1 Note3 Note3 Note3 1 1 Note 1 Note? INT,,INTs TO;,TO2,TO3 
Note 1 1 1 1 Oo 1 Note 1 Note! Tl1,Tl2 TORTOR NOS “Weapon 
Notes: 1. Don’t care 

2. One of or both of bits O and 1 of TOR is 1 

3. Bit O, 1, and 2 of TMR are not 111 

4. When PWM output is selected, timer functions in the same way as the free-running timer 

by initializing the timer load register to $00. 
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696 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD404418 /HD4074418 /HD4074408 


Reload Timer Output Mode — Toggle Output 
Data of Timer Load Register — N 


Free-Running Timer 


Jo tL 


| 256 Clocks | 256 Clocks | 


Reload Timer 


to Ly 


| (256 - N) Clocks | (256 - N) Clocks | 







(256 - N) Clocks N Clocks 


256 Clocks 


Note: Input clock source and its dividing ratio are controlled by the timer mode register. 


Figure 22. Timer Output Waveform Examples 
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Serial Interface 


The MCU provides two serial interfaces to 
transmit/receive 8-bit data serially. The serial 
interfaces consist of the serial data registers 
(SR1, SR2), the serial mode registers (SMR1, 
SMR2), the serial clock register (SCR1, SCR2), 
the octal counter, and the multiplexer (figure 
23). 


The serial mode register controls pins R4o0/ 
SCKi, R63/SCKo2, R4:/Sh, R62/SIe, R42/SO:, R6:/ 
SO2 and the enable/disable of STS instruc- 
tion. The serial clock register controls transfer 
clock. Software writes/reads the contents of 
the serial data register. The data in the serial 
data register shifts synchronously with the 
transfer clock signal. 


The octal counter is reset to $0 by STS 
instruction. It starts to count at the falling 
edge of the transfer clock (SCK:i, SCK2) signal 










System Prescaler (11 bits) 


a: 













SCR1, SCR2 et ast SMR2 
(3 bits) Serial | 4 bits) sonal 
Clock Reg Made 6 











| Internal Bus Line (S2) | Bus Line | Internal Bus Line (S2) | 





be oY < 
bale se Se 
“| ro 4 
Internal Bus Line (S1) 


Serial MPX a gD ge 











and increments by one at the rising edge of 
the SCK. The serial interrupt request flag is 
set when the octal counter is reset by eight 
transfer clock signals or by data transfer 
discontinued. 


Each serial mode register’s enable bit (bit 3) 
controls two serial interfaces with a single 
STS instruction. To activate a serial interface, 
set the enable bit, then execute the STS 
instruction. Thus, a serial interface, in which 
an enable bit is set, starts functioning. There- 
fore, when the enables bit are both reset, the 
serial interface does not function with a STS 
instruction. When the enable bits are both 
set, two serial interfaces start functioning 
with a single STS instruction. An enable bit is 
automatically reset by STS instruction. 
Therefore, the enable bit must be set to acti- 
vate the serial interface before executing the 
STS instruction. 





OC (3 bits) | SR1OF | IFS1 
Octal 
Counter SR20F | IFS2 


Interrupt 
Request Flag 
of Serial Interface 
















cae © 
SR1,SR2 (8 bits) — 
Serial Data Register 


internal Bus Line (S2) | 























SO2/R6, 
Port. 














Figure 23. Serial Interface Block Diagram 
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Serial Mode Register (SMR1: $010, SMR2: 
$014): The serial mode register is a 4-bit 
read/write register, which controls the serial 
interface operation, SCK:, SCK2, Sh, SIz, SO, 
SOz2 (table 21). 


The write signal to the serial mode register 
initializes the internal state of the serial 
interface. The write signal stops the transfer 
clock supply to the serial data register and 
the octal counter, resetting the octal counter 
to $0 simultaneously. Thus, the write signal to 
the serial mode register causes the data 
transfer to quit and the serial interrupt 
request flag to be set while the serial inter- 
face is operating. 


Table 21. Serial Mode Register 





SMR1, SMR2 

Bit 3 STS instruction 

O Disable 

1 Enable 


Note: Bit 3 of the SMR1 and SMR2 are auto- 
matically reset by STS instruction. 


SMR1, SMR2 
Bit 2 R40/SCK,, R63/SCK2 





O Used as ports R49, R63 1/0 pin 





1 Used as SCK;, SCK2 input or output 


Note: When the internal clocks are selected, 
ports R4o and R63 data direction registers 
are automatically set by bit 2 of the SMR1 
and SMR2 set, then become outputs. 
When the external clocks are selected, 
ports R40 and R63 data direction registers 
are automatically reset by bit 2 of the 
SMR1 and SMR2 set, then become 
inputs. 


Data in the serial mode register can be 
changed in the second instruction cycle after 
writing into the serial mode register. There- 
fore, program the serial interface to execute 
the STS instruction after the data in the serial 
mode register has been changed completely. 
The serial mode register is initialized to $0 at 
MCU reset. 


Bit 3 of the serial mode register is an enable 
bit of the serial interface. Set the enable bit 
before executing the STS instruction. To 
activate both serial interfaces, set the enable 
bits of both serial interfaces, then execute the 
single STS instruction. An enable bit is 
automatically reset by STS instruction exe- 
cution. 


SMR1, SMR2 

Bit 1 R4,/S1,, R62/Slo2 

O Used as ports R4;,, R62 1/O pin 
1 Used as Sli, Siz input pin 


Note: Ports R41, R62 data direction registers are 
automatically reset by bit 1 of SMR1 and 
SMR2 set, then become inputs. 


SMR1, SMR2 


Bit O R42/S0,, R6,/SO2 


O Used as ports R42, R6; I/O pin 





1 Used as S$OQ;, SO2 output pin 


Note: Ports R42, R61 data direction registers 
automatically set by bit O of the SMR1 
and SMR2 set, then become outputs. 
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Serial Clock Register (SCR1: $011, SCR2: 
$015): The serial clock register is a 3-bit write 
only register which controls the transmit 
clock source and the prescaler divide ratio 
(table 22). 


The write signal to the serial clock register 
initializes the internal state of the serial 
interface. Transfer clock supply to the serial 
data register and the octal counter is stopped 
by programming the serial clock register, 
then the octal counter is reset. Thus, data 
transfer is stopped and interrupt request flag 
is set by programming the serial clock regis- 
ter during serial interface operation. 


Serial Data Register (SR1L: $012, SR2L: 
$016, SR1U: $013, SR2U: $017): The serial 
data register is an 8-bit read/write register 


J 


Table 22. Serial Clock Register 


SCR1, SCR2 

R40/SCK; 
Bit2 Bit 1 Bit O R63/SCK2 
0 fe) @) SCK,, SCKo2 output 
0 0 1 SCK1, SCKo2 output 
0 1 0 SCK,1, SCKo output 
oO 1 1 SCK,, SCK2 output 
1 0 0 SCK1, SCK2 output 
1 O 1 SCK,, SCK2 output 
1 1 re) SCK,, SCK2 output 
1 1 1 SCK;, SCKo2 input 


Clock Source 


consisting of low-order digits (SR1L, SR2L) 
and the high-order digits (SR1U, SR2U). 


The data in the serial data register is trans- 
mitted LSB first at SO1:, SOz synchronously 
with the falling edge of the transfer clock 
signal. At the same time, the serial data reg- 
ister receives external data LSB first at Sh, 
SIz synchronously with the rising edge of the 
transfer clock. Figure 24 shows the I/O timing 
chart for the transfer clock signal and the 
data. 


The validity of the data contents cannot be 
assured when writing/reading the serial data 
register during data transfer. Therefore, 
write/read the serial data register after 
completing data transfer. 


Prescaler 
Divide Ratio 


System Clock 
Divide Ratio 


Prescaler 2048 4096 

Prescaler 51:2 1024 

Prescaler 128 256 

Prescaler 2 64 

Prescaler 8 16 

Prescaler 2 4 aa 
System clock 1 


External clock 


Transfer Clock LPL LPL LL 


Serial Output Data 





1 2 3 4 5 6 7 
! ! ! ! ! ! 1 ' 
i | i l i i i tI 


8 


Serial Input Data 
Latch Timing | | | | | | | | 





Figure 24. Serial Interface I/O Timing Chart 
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Selection of the Operation Modes: Table 
23 shows the operation modes of the serial 
interface. Set the serial mode _ register 
according to this table. 


Operating State of the Serial Interface: 
The serial interfaces provide 4 operation 
states (figure 25). 


When the serial interface has been initialized, 
the MCU is in transfer inhibit state in which 
STS instruction and the transfer clocks are 
both ignored. 


Set the enable bit of the serial interface to put 
the serial interface into the STS waiting state 
in which serial data transfer is available by 
executing STS instruction. Two serial inter- 
faces operate simultaneously with a single 
STS instruction when the enable bits of serial 
interfaces 1 and 2 are both set. 


In the SCK waiting state, the falling edge of 
the first transfer clock puts the serial inter- 
face into the transfer state, while the octal 
counter counts up and the serial data register 
shifts simultaneously. If the clock continuous 
output mode is selected, the serial interface 
stays in the SCK waiting state while contin- 
uously transmitting transfer clocks. 


Table 23. Serial Interface Operation 
Mode 


SMR1, SMR2 


Bit 2 Bit 1 Bit O Serial Interface Operation Mode 


1 0 0 Clock continuous output mode 
1 O 1 Transmit mode 
1 1 O Receive mode 


Transmit/receive mode 


The octal counter is initialized to 000 by 8 
transfer clocks in the transfer state, and the 
serial interrupt request flag is set. When the 
internal transfer clock is selected, the MCU 
goes into the transfer inhibit state. When the 
external clock is selected, the MCU goes into 
the transfer clock waiting state. The octal 
counter is initialized to $000, transfer is 
suspended, and the interrupt request flag is 
set simultaneously by programming the serial 
mode register or serial clock register in the 
transfer state or the transfer inhibit state. 


An Example of Transfer Clock Error 
Detection: The serial interface malfunctions 
when the transfer clock is disturbed by 
external noise. In this case, the transfer clock 
error can be detected by the procedure 
shown in figure 26. 


If more than eight transfer clocks are applied 
by external noise in the SCK waiting state, 
the state of the serial interface shifts in the 
following sequence: first, transfer state (for 1 
to 7 transfer clocks), second, SCK waiting 
state (at 8th transfer clock), and third, back to 
transfer state. To set the serial interrupt flag 
again after resetting it, program the serial 
mode register to put the MCU into the STS 
waiting state. 
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Serial Transfer Inhibiting 
State 

STS Instruction Disable 
Octal Counter =000 
Transfer Clock Disable 


Write to SMR, 
(Bit 3 is reset) 


Write to SMR Write to SMR Write to SMR 8 Transfer Clocks 
(Bit 3 is reset) (Bit 3 is reset) (Bit 3 is reset) (Internal Clock) 
Write to SCR 

Write to SCR 


STS Waiting State 
STS Instruction Enable 
Octal Counter =OOO 


Transfer Clock Disable 


Transfer Clock Waiting Transfer Clock 
State 
SMR Bit 3 is reset 8 Transfer Clocks es instruction ous 


( sts Instruction Disable) (External Clock) Octal Counter +000 
oe 
Octal Counter =O000 


Transfer State 





Figure 25. Serial Interface Operation State 


. . 


Transmit/Receive 
(IFS<1) 


Interrupt 
Disable 


Programming 
SMR 


Transfer Clock 
Error Processing 





Figure 26. Example of Transfer Clock Error Detection 


@ HITACHI 
702 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 





PROM Mode Pin Description 


HD404418/HD4074418/HD4074408 


Table 24 and figure 27 describe the pin func- 
tions in PROM mode. 


Table 24. PROM Mode Signals 























Pin No. MCU mode PROM mode Pin No. MCU mode PROM mode 

pc-eAS FP-64 FP-64A Symbol I/O Symbol 1/O O0¢-SS Fp.64 FP-c44 Symbol 1/O Symbol 1/0 

1 59 57 Di /O Vee 33 27 25 Rd4/SCK: 1/0 

2 60 58 Di I/O 34 28 26 R4,/Sh I/O 7 

3 61 59 Diz LO 35 29 27 R4/SO;, 1/0 

4 62 60 Dia 1/O Ai3 | 36 30 28 R43/Vrer I/O 

5 63 61 Dis \/O Ara | 37. 31 29 R70 | CE | 

6 64 62 RO I/O A, | 38 32 30 ° R77; | OE 

7 1 63 RO, 1/0 Ao | 39 33 31 R72 | Mo | 
8 2 G64 RO VO re | 40 34 32° R73 | M, 

9 3 1 RO3; 1/0 Ay | 41 35 33 4R8& WO 

10 4 2 Rig I/O As | 42 36 34 #2R8,  #41J/O 

11 5 3 Ry VO Ae | 43 37 35 R8& 1/0 

12 6 4 R1r~ LO A; | 44 38 36 £R83 ~~ +#&‘J/O 

13.7 +5  Rt3. I/O As i 46. 239 37° ~ Ros. “1/0 ; 

14 8 6 R2% =WO0 . Ao | 46 40 38 R99, ° JO 

15 9 #7 #+R2 £4VO Ajo | 47 41 39 RX VO 

16 10 8 R22 =O Ady | 48 42 40 #R93 ~+#&1/O 

if 1% <9 ‘R25. WO: - Ars | 49 43 41 RESET |  #RESET | 

18 12 10 RAo \/O Vpp 50 44 42 TEST | TEST | 

19 13 11 #4-RA, ~~ I/O Ag | 51 45 43. OSC | 

20 14 12 RBd/INTo 1/0 52 46 44 OSC. O _ 

21. 15 13 R3,/INT, I/O 53 47 45 + GND I/O GND | 

22. 16 14 R3x/INT2 1/0 «54 48 46C 1/0 Oo 1/0 

23. 17 15 R33/INT3 I/O 55 49° 47 ~~ Dy 1/0 O; (/0 

24 18 16 Réo/iNTs/T 1/0 66 50 48 °»&# Dz 1/0 Oo VO 

25. 19 17 R&/INTs/Tl 1/0 «#67. «61. 49-—«=OOéiS 1/0 O3 1/0 

26 20 18 R52/TO;, 1/0 58 52 50 °° Da, 1/0 O, 0 
27° 21 «19 R53/TO2 1/0 59 53 51 Ds 1/0 Os 0 

28 22 20 R6o/TO3 1/0 60 54 52 De 1/0 Og 1/0 

29 23 21 R6:/SO2 1/0 61 55 53 °#»Dy 1/0 0; 1/0 

30 24 22 R6/Sl 1/0 62 56 54°» Ds 1/0 

31 25 23 R63/SCK, 1/0 63 57 55 Dag /O 

30° 26 94 Nec VEE 64 58 56 Di WO Vee 
(Note) 1/0 : Input/Output Pins 

|: Input Pins 
O : Output Pins 
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_Vep (Program Voltage) 


Vpp is the input for the program voltage (12.5 
V + 0.3 V) for programming the PROM. 


CE (Chip Enable) 


CE is the input for programming and verify- 
ing internal PROM. 


OE (Output Enable) 


OE is the input for the data output control 
signal for PROM verify. 


HD4074418 
HD4074408 


Ao— Aisa (Address Bus) 


Ao-Ai14 are address input pins for internal 
PROM. 


Oo—O7 (PROM Data Bus) 

Oo-O7 are the data bus for internal PROM. 
Mo, M: (Mode) 

Mp and M; set PROM mode. PROM mode is set 


when Mo, Mi, and TEST pins are low level and 
RESET pin is high level. 





HD4074418 
HD4074408 


HD4074418 
HD4074408 





Top View, No Symbol: Open 


Figure 27. PROM Mode Pin Arrangement 
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Programmable ROM Operation 


The MCU on-chip PROM is programmed in 
PROM mode (figures 27-29). PROM mode is 
set by bringing TEST, Mo, and M; low, and 
RESET high as shown in figure 28. In PROM 
mode, the MCU does not operate. It can be 
programmed like a standard 27256 EPROM 
using a standard PROM programmer and a 
64-to-28-pin socket adapter. Table 26 lists 
recommended PROM programmers and 
socket adapters. 


Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series MCU 
incorporates a conversion circuit to enable 
use of a general-purpose PROM programmer. 
By this circuit, an instruction is read or pro- 
grammed using 2 addresses, lower 5 bits and 
upper 5 bits, as shown in figure 29. For 
example, if 8 kwords of on-chip PROM are 
programmed by a general-purpose PROM 
programmer, 16 kbytes of addresses ($0000- 
$3FFF) should be specified. 


Programming And Verification 
The MCU can be high-speed programmed 
without causing voltage stress or affecting 


data reliability. 


Table 25 shows how programming and veri- 
fication modes are selected. 


Figure 30 is a programming flowchart, and 
figure 42 is a timing chart. 


Ehasing 


The PROMs in ceramic window packages can 


Table 25. PROM Mode Selection 

Pin 
Mode CE OE Vpp Oo-O7 
Programming Low High Vpp_ Data input 





Verify High Low  Vpp_ Data output 


Programming High 
inhibited High High = Vep impedance 


be erased by ultraviolet light. All erased bits 
become 1s. < 


Erasing conditions are: ultraviolet (UV) light 
with wavelength 2537A with a minimum 
irradiation of 15 W-:s/cm’. These conditions 
are satisfied by exposing the LSI to a 12,000 
uW/cm? UV source for 15-20 minutes, at a 
distance of 1 inch. 


Precautions 


1. Addresses $0000 to $3FFF must be speci- 
fied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may 
not be programmed or verified. Note that 
the plastic package type cannot be 
erased and reprogrammed. (Ceramic 
window packages can be erased and re- 
programmed by ultraviolet light.) Data in 
unused addresses must be set to $FF. 


2. Be sure that the PROM programmer, 
socket adapter and LSI lineup (pin 1 posi- 
tions match). Using the wrong program- 
mer or socket adapter may cause an over- 
voltage and damage the LSI (table 26). 
Make sure that the LSI is firmly fixed in 
the socket adapter, and that the socket 
adapter is firmly fixed in the programmer. 


3. The PROM should be programmed with 


Vpp—12.5 V. Other PROMs use 21 V. If 21 V 
is applied to the MCU, the LSI may be 
permanently damaged. 12.5 V is Intel's 
27256 Vpp. 
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Data 
Oo—07 


Address 
AoA14 





Figure 28. PROM Mode Function Diagram 





$0000 f}}} 1 1 1  bit4 bits bit2 bit! -bitO | Lower 5 bits 
gooo1 iff 1, 1 1, bit9 . bit8 , bit? bite | BIS | Upper Sbits } soooo 9} JMPL Instruction . $0000 
| Vector Address 1 (Jump to RESET Rlounne) $0001 
$001F sooor 2] JMPL Instruction $0002 
$0020 eee recente Eee . 
Zero-Page Subroutine ey 3 (Jump to INTo Routine) $0003 
(64 Words) oe 
| 4) JMPL Instruction $0004 
$007F $003F 5 (Jump to INT; Routine) $0005 
$0080 $0040 
Pattern 6] JMPL Instruction {| $0006 
| ieee were! 7 (Jump to INT2/TIMER1 Routine) $0007 
seh see _ JMPL Instruction $0008 
: oe $1000 g| (Jump to SCI1/TIMER2 Routine) | goqog 
| (8192 Words) 
10] JMPL Instruction $O00A 
S3FFF SIFFF 44 | (Jump to SCl2/TIMER3 Routine) $000B 
(Note) $2000 
Not Used 12 _ JMPL Instruction ; $000C 
13 (Jump to INT3/TIMER4 Routine) $000D 
i. JMPL Instruction $000E 
15, (Jump to INT4/INTs Routine) SOOOF 





$7FFF 


Three bits are not used. 
(Set to 111) 
Note: When reading this address space, SFF is output. 


Figure 29. PROM Mode Memory Map 
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Table 26. PROM Programmers and Socket Adapters 























PROM Programmer Socket Adapter 
Maker Type Name Maker Type Name Package 
DATA 1/O 22B Hitachi HS448ESS11H DP-64S 
29B DC-64S 
HS440ESFO1H FP-64 
HS440ESFO3H FP-64A 
AVAL Corp PKW-1000 ~—_Hitachi HS448ESS21H DP-64S 
DC-64S 
HS440ESFO1H FP-64 
HS440ESFO3H FP-64A 


Set Prog/Verify mode 
Vep = 12.5+0.3V,Vec = 6.0 + 0.25V 


Address = 0 


Program tpw = 1ms+5% 


Address + 1 — Address 


Last 
Address? 
YES 
Set Read Mode 
Vec = 5.0 £ 0.5V, Vpp = Vec £ 0.6 V 


Read 
All Address 


GO 





Figure 30. High-Speed Programming Flowchart 
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ZTAT MCU On-Chip PROM Characteris- 
tics and Precautions 


Principles of Programming/Erasing: The 
ZTAT micros’ memory cells are the same as 
an EPROM’s. Therefore they are programmed 
by applying high voltage to control gates and 
drains, which injects hot electrons into the 
floating gate. They are stable, surrounded by 
an energy varrier of SiOz film. Such a cell 
becomes a 0 bit due to the memory threshold 
voltage change. A cell with no condensed 
electrons at its floating gate appears as a 1 bit 
(figure 31). 


The electron charge in memory cells may 


Control gate 


Floating gate 
Source 


Programming (0) 





decrease as time goes by. This can be caused 
by: 


- Ultraviolet light: discharged by photo- 
emitted electrons (erasure principle) 

- Heat: discharged by thermal emitted elec- 
trons 

- High voltage: discharged by a high electric 
field at the control gate or drain 


If the oxide film covering a floating gate is 
defective, the erasure rate is great. Normally, 
electron erasure does not occur, because such 
defective devices are found and removed 
during testing. 


Control gate 


Floating gate 


Drain 


Erasing (1) 


Figure 31. Cross-section of EPROM Memory Cell 
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Programming Precautions: The EPROM 
memory cells should be programmed under 
specific voltage and timing conditions. The 
higher the program voltage and the longer 
the program pulse is applied, the more elec- 
trons will be injected into the floating gate. 
However, if an overvoltage is applied to Vpp, 
the p-n junction may be permanently 
damaged. Pay particular attention to PROM 
programmer overshoot. Negative voltage 
noise will cause a parasitic transistor effect, 
which may reduce break-down voltage. 


The ZTAT micros are connected electrically 
to the PROM programmer through a socket 
adapter. Therefore, pay attention to the fol- 
lowing: 


- Confirm that the socket adapter is firmly 
fixed on the PROM programmer. 


- Do not touch the socket adapter or the LSI 
during programming. 


- Misprogramming can be caused by poor 
contacts. 


On-Chip EPROM Reliability after Pro- 
gramming: Generally, semiconductors are 
reliable except for initial failures. Parts can be 
screened to avoid failures. Exposure to high 
temperature is a kind of screening which 
removes PROM memory cells with data hold 
failures in a short time. This is done to the 
ZTATs in the wafer stage, so ZTAT data hold 
charcteristics are high. Exposing the LSI to 
150°C after user programming can effectively 
upgrade these characteristics. Figure 32 
shows the recommeded screening flow. 


Programming 
Verification 


Exposure in high temperature 


without applying any power 
150°C + 10°C, 48Hr + 8Hr* 
— OHr 


Confirmation of reading 
Vec = 4.5Vor5.5V 





* Exposure time is the time after the temperature 


in heater reaches 150°C. 


Note: Jf programming errors occur continuously during programming with one PROM programmer, stop pro- 
gramming and check the PROM programmer or socket adapter. 
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a 


Hitachi engineer. 


Figure 32. Recommended Screening Flow 
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RAM Addressing Mode 


As shown in figure 33, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: Contents of 
registers W, X, and Y (10 bits) are used as the 
RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 addresses; from $040 to $04F) 
is accessed by executing the LAMR and 
XMRA instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four kinds of ROM addressing 
modes, as shown in figure 34. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with the 
14-bit immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


When BR instruction is on a page boundary 
(256n + 255) (figure 35), executing a BR 
instruction transfers the PC contents to the 
next page according to the hardware archi- 
tecture. Consequently, the program branches 
to the next page when BR is used on a page 
boundary. The HMCS400-series cross macro 
assembler has an automatic paging facility 
for ROM pages. 


Zero-Page Addressing Mode: By execut- 
ing a CAL instruction, the program can 
branch to the zero-page subroutine area, 
which is located at $0000-$003F. When a CAL 
instruction is executed, 6 bits of immediate 
data are placed in the low-order 6 bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order 8 bits (PCi3 to PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and 
register B. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 36). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and register B. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port data registers. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and register B and also 
to the R1 and R2 port data registers at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 
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atitate 


X3 


Register Indirect Addressing 


Register W Register X Register Y — 
Sauternes 








RAM Address 


Instruction 1st Word Instruction 2nd Word 


Coe ae en ee ae ON pes One ON ee ee ne a es Ee as gl 


APs} APs | AP7 | APe ar are ars aes jars are 


Direct Addressing 










RAM Address 





Instruction 


eo 


Memory Register Addressing 










RAM Address 


Figure 33. RAM Addressing Modes 
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(JMPL) 
(BRL) 
(CALL) 


Instruction 1st Word . Instruction 2nd Word 











Program Counter|PC1i3 PC12 PC11 PCio PCa PCs PC? PCs PCs PCa PC3 PC2 PC: PCo 


Direct Addressing 


Instruction 


Program Counter |PC13 PC12 PC11 PCio PCo PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 





Current Page Addressing 


Instruction 





Program Counter |PCi3PCi2PC11 PCio PCa PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Zero Page Addressing 


Instruction 


Program Counter|PC13PC12 PC11 PC10 PCa PCa PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Table Data Addressing. 





Figure 34. ROM Addressing Mode 
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i256(n 71) + 255 
256n 


256n + 254 
256n + 255 
256 (n + 1) 


BBB NOP 





Figure 35. Branch Destination of BR Instruction on the Boundary between Pages 


Instruction 











Register B Accumulator 











B3; Bo Bi Bo}! As A2 Ai Ao 





Referred ROM Address 











ROM Data 

Accumulator, Register B}B3 B2 Bi Bol As Az Ar Ao if ROs=1 
| 

ROM Data ROs ROg RO7 ROs ROs ROs RO3z RO2 RO: ROo 

Output Register R1, R2 |R23 R22 R21 R20] R13 R12 Ri Rio If ROo= 


Pattern 


Figure 36. P Instruction 
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Instruction Set 6. Compare instructions 
| ) 7. RAM bit manipulation instructions 
The MCU provides 101 instructions which are 8. ROM address instructions 
classified into 10 groups as follows: 9. Input/output instructions 
1. Immediate instructions 10. Control instructions 
2. Register-to-register instructions 
3. RAM address instructions Tables 27-36 list their functions, and table 37 
4. RAM-register instructions is an opcode map. 
5. Arithmetic instructions 
Table 27. Immediate Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAL i 1000 1 1 ig i2 4 ip I 7A 1/1 
Load B from Immediate LBI i 1000 0 O ig ig 4 io: 61h 6° BB 1/1 
Load Memory from LMID i,d O11 01 0 ig i2 4 I9: teh M 2/2 
Immediate dg dg d7 dg ds d4 d3 d2 dj do 
Load Memory from LMIIY i 101 00 1 ig i2 iy ip 1 °*M, Y+1--¥ NZ 1 
Immediate, Increment Y 
Table 28. Register-to-Register Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 BA 1/1 
Load B from A LBA 0011001000 A->>B 1/1 
Load A from W LAW 0100000000 W-A 2/2 
0000000000 (Note) 
Load A from Y LAY 001010.% 1711 YHA 1/1 
Load A from SPX LASPX 00011031000 SPX-A 1/1 
Load A from SPY LASPY 0001011000 SPY +A 1/1 
Load A from MR LAMR m 100 1 1 1m3me2m;mo9 MR(m) -A 1/1 
Exchange MR and A XMRA m 101 14 1 1m3gmemim_o MRim)-A 1/1 


Note: An operand is automatically provided for the second word of LAW and LWA instruction by 
assembler. 
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Table 29. RAM Address Instructions 


Operation 
Load W from Immediate 
Load X from Immediate 


Load Y from Immediate 





Load W from A 


Load X from A 
Load Y from A 
Increment Y 
Decrement Y 
Add A to Y 


Subtract A from Y 








Exchange X and SPX 
Exchange Y and SPY 


Exchange X and SPX,Y 
and SPY 








Mnemonic Operation Code Function 

LWI 1 00111100) i9 t~W 

LXI 4 1000 1 O ig tg 4 io i +X 

LYI i 1 Oc ON O00 % aaa ig. ak 

LWA 0100010000 A +W 
0000000000 

LXA 00111031000 A+xX 

LYA 00110311000 A:+:Y 

lY 0.0 0) 1°O TeV EO: OO Xd, oe ¥ NZ 

DY OO rt, A QT oS a, NG. “ef NB 

AYY 0001010100 YtA +¥Y OVF 

SYY 001103103100 Y-A :¥ NB 

XSPX 0000000001 X-+ SPX 

XSPY 00:0 0-0-0. 0 0 % .O “¥=SPY 

XSPXY 000000001 1 X+SPX, Y-SPY 


Status 


Words/ 
Cycles 


1/1 
1/1 
1/1 


2/2 
(Note) 


1/1 


1/1 


1/1 
1/1 
1/1 


1/1 


Note: An operand is automatically provided for the second word of LAW and LWA instruction by the 


assembler. 
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Table 30. RAM-Register Instructions 





. Words/ 
Operation : Mnemonic Operation Code Function Status Cycles 
Load A from Memory LAM(XY) 00100100yx M-A, | 1/1 
(X—SPX, Y~SPY) 
Load A from Memory LAMD d 0110010000 M~-A 2/2 
dg dg d7 dg ds dq d3 d2 di do . 
Load B from Memory LBM(XY) 0001000 0y x M-B, 1/1 
(X—SPX, Y-SPY) 
Load Memory from A LMA(XY) 00100101 y x A-M, 1/1 
(X—-SPX, Y-SPY) 
Load Memory from A LMAD d 01100103100 A-M 2/2 
dg dg d7 dg ds dq d3 do di do 
Load Memory from A, LMAIY(X) 000101000x A-~M, Y+1-¥ NZ v1 
Increment Y (X-SPX) 
Load Memory from A, LMADY(X) 001101000x A--+-M,Y-1-Y NB 1/1 
Decrement Y (X-SPX) 
Exchange Memory and A XMA(XY) 00100000 yx M-~A, ; 1/1 
(X-SPX, Y~SPY) 
Exchange Memory and A XMAD d 0110000000 MHA 272 
dg dg d7 dg ds d4 d3 d2 d1 do 
Exchange Memory and B XMB(XY) 00110000y x M=-B, 1/1 


(X-SPX, YSPY) 


Note: (XY) and (X) have the following meaning: 


716 


(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 


LAM (XY) is given below). 
The op-code X or Y is assembled as follows: 


Mnemonic Y x Function 
LAM 0 0 
~ LAMX 0 1. X + SPX 
LAMY 1 0 Y= SPY 
LAMXY 1 1 X—-SPX, Y-SPY 


(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). - 
The op-code X is assembled as follows: 


Mnemonic x Function 
LMAIY O 
LMAIYX 1 X — SPX 
© HITACHI 
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Table 31. Arithmetic Instructions 


Operation 
Add Immediate to A 
Increment B 


Decrement B 


Decimal Adjust for Addition 


Decimal Adjust for Subtraction 


Negate A 


Complement B 


Rotate Right A with Carry 


Rotate Left A with Carry 


Set Carry 





Reset Carry 
Test Carry 
Add A to Memory 


Add A to Memory 


Add A to Memory with Carry 


Add A to Memory with Carry 


Subtract A from Memory 


with Carry 


Subtract A from Memory 


with Carry 
OR A and B 
AND Memory with A 


AND Memory with A 


OR Memory with A 


OR Memory with A 


EOR Memory with A 


EOR Memory with A 


Note:  : Logical AND 
U : Logical OR 
4) : Exclusive OR 


Mnemonic 
Al i 

IB 

DB 
DAA 
DAS 
NEGA 
COMB 
ROTR 
ROTL 
SEC 
REC 
TC 

AM 


AMD d 
AMC 
AMCD d 


SMC 


SMCD d 


OR 
ANM 


ANMD d 


ORM 


ORMD d 


EORM 


EORMD d 


101 0 


oO; oO 


oO}; oO 


OoO;}OoO;o};}o};}o;o!}1lo];o;o;}o};oa;ao;o 


OO 
dg dg d7 dg 


001 0 


0110 


Operation Code 


0 O ig in iy i 


oO} Oo 
© 


oO;OoO;oO;}O0; 010; 07 O07 O08}; OF} CO} CO] O 


Qa 

GO 
Qa 

Lh 

Gz: 
WwW 

Qo 

NO 
2o}]o 


oO}; oO 


oO 
© 
© 


013100 
ds dq d3 do dy 


01100 


01100 


dg dg d7 dg ds dg d3 do dy 


010 1 


0010 


0110 


0001 0 
O11 10 


OoO1%1%10 


dg dg d7 de ds dq d3 do dy 


0000 


0100 


00110 


00110 


dg dg d7 de ds dq d3 do dy 


000 0 


0100 


01110 


O11 10 


dg dg d7 dg ds da d3 do dj 
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Words/ 

Function Status Cycles 
in A+inA OVF 1/1 
O B+1-B NZ 1/1 
1 B-1-B NB 1/1 
O 1/1 
O 1/1 
O A+1 +A 1/1 
O BB 1/1 
O 1/1 
1 1/1 
1 1+CA 1/1 
O O-CA 1/1 
1 CA 1/1 
O M+A--A OVF 1/1 
O M+A-A OVF 2/2 
do 
O M+A+CA~A OVF 1/1 

OVF ~ CA 
O M+A+CA-A OVF 2/2 
do OVF -~ CA 
O M-A-CA~A NB pal 

NB ~CA 
O M-A-CA-A NB 2/2 
do NB --CA 
O AUB-A 1/1 
O ANM~A NZ 1/1 
0 ANIM~A NZ 2/2 
do 
O AUM-~-A NZ 1/1 
O AUM-A NZ 2/2 
do 
O A®M-A NZ 1/1 
O AODM~A NZ 2/2 
do 
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Table 32. Compare Instructions 


Operation 


Immediate Not Equal 
to Memory 


Immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory 


B Not Equal to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate 


Mnemonic 


INEM i 


INEMD i,d 


ANEM 
AMEMD d 


BNEM 
YNEI i 


ILEM i 


ILEMD i,d 


ALEM 


ALEMD d 


BLEM 


ALE}! i 


Operation Code 


0000 1 O ig iz iy 


0100 1 O i3 ig iy i 


dg dg d7 dg ds dq d3 do dj 
000000010 


010000010 
dg dg d7 dg d5 d4 d3 do dy 


000100010 
00011 1 ig ig iy 
0-000 HF igi. iy 
01001 1 ig io iy 
dg dg d7 dg ds da d3 do dy 
000001010 


01000101 0 
dg dg d7 deg ds d4 d3 do dy 
00110001 0 


10101 1 ig i2 iy 


Table 33. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 


Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 
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Mnemonic 


SEM n 


SEMD n,d 


REM n 


REMD n,d 


TM n 


TMD n,d 


Operation Code 
0010000 1 =n; 


0110000 1n, 
dg dg d7 dg ds d4 d3 do dy 


0010001 0n 


0110001 0n; 
dg dg d7 dg ds dq d3 do dy 


0010001 1n 


0110001 1n, 
dg dg d7 dg ds dq d3 do dj 
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no 


no 
do 


no 


No 
do 


no 


no 


Function 


i#M 


> 
lA 
Ss 


Function 
1 — M(n) 


1 — M(n) 


0 -M(n) 


0 > Min) 


NZ 
NZ 


NB 


NB 


NB 


NB 


NB 


NB 


Status 


M(n) 


M(n) 


Words/ 
Cycles 


1/1 


2/2 


1/1 
2/2 


1/1 
1/1 
1/1 


2/2 


1/1 


2/2 


1/1 


1/1 


Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


1/1 


2/2 
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Table 34. ROM Address Instructions 
Operation Code 


Operation 
Branch on Status 1 


Long Branch on Status 1 


Long Jump Unconditionally 


Subroutine Jump on Status 1 


Long Subroutine Jump on 
Status 1 


Table Branch 


Return from Subroutine 


Mnemonic 


BR b 


BRL u 


JMPLu 


CAL a 


CALL u 


1 


1 b7 be bs by b3 bo b; bo 





O10 1 
dg dg d7 de ds dq d3 do d; do 


0 


0 


1 


1 


0 


1 


1 


1 


1 P3 P2 P1 Po 


O 1 p3 P2 P1 Po 
dg dg d7 dg ds d4 d3 do di do 





1 a5 aq a3 a2 a1 AO 


010 1 


1 O p3 P2 M1 Po 
dg dg d7 de ds d4 d3 d2 d; do 


00101 


1 p3 P2 P1 Po 


Function 


Status 


Words/ 
Cycles 


1/1 


2/2 


2/2 


1/2 


2/2 


Return from Interrupt 


Table 35. 


Operation 

Set Discrete I/O Latch 

Set Discrete 1/O Latch Direct 
Reset Discrete 1/O Latch 
Reset Discrete |/O Latch Direct 
Test Discrete I/O Latch 

Test Discrete I/O Latch Direct 
Load A from R Port Register 
Load B from R Port Register 
Load R Port Register from A 
Load R Port Register from B 


Pattern Generation 


Mnemonic 


SED 
SEDD m 
RED 
REDD m 
TD 

TOD m 
LAR m 
LBR m 
LRA m 
LRB m 


Pp 


Table 36. Control Instructions 


Operation 
No Operation 
Start Serial 
Standby Mode 


Stop Mode 


Mnemonic 


NOP 
STS 
SBY 


STOP 


Input/Output Instructions 


Operation Code 
001 1°1 010 0 
1011 1 m3 m2 m1 Mo 
00011 0 1 0 0 
1001 1 fe ceniniains 
0011100000 
1010 1 m3 m2 m1 mo 
1001 0 m3 m2 m1 Mo 
100 1 0 m3 m2 m1 Mo 
101 1 0 m3 m2 m1 Mo 
101 10 m3 m2 m1 Mo 
O 1:1 0 1 1 p3 P2 P1 Po 
Operation Code 
0000000000 
0101001000 
01010031100 
0101001 1 0 1 
@ HITACHI 


1 -I/E 
CA Restore 


Function 


1 -» D(Y) 


1 + D(m) 


Rim) ~ A 
R(m) — B 
A — R(m) 


B — R(m) 


Function 


Status 


D(Y) 


D(m) 


Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


1/1 





Status 
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1/1 
1/1 
1/1 


1/2 


Words/ 
Cycles 


4/1 


1/1 
1/1 


1/1 
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Table 37. Opcode Map 


{ _ | --1-word/2-cycle 


720 


re ei ee en ee ee 
pu pe 


[ent ha 


iN 
: 
\\ 


x 
= 
= 
x 
es 


Oo 
< 


i 


Fl 
\ 
\ 


es 
< 
S 


B 


| 


i(4) 
i(4) 
(4) 


= 


X 


m~ | 7 
! 


i(A) 
LBR m(4) VA 
LAR m(4) VA 


REDD 
LAMR 


m(4) 
m(4) 

i(4) 

i(4) 
m(4) 

i(4) 
m4) 
m(4) 
m(4) 
m(4) 


b 


LMITY 
DD 
ALEI 
LRB 
RA 
SEDD 
XMRA 


ne | || || en os ee oe ee eee ele 
: 


[__}--1-word/3-cycle [  ]--RAM 


instruction Instruction 


Instruction 







b(8) 


f _}--2-word/2-cycle 
Instruction 


Direct Address 


(2-word/2-cycle) 
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Absolute Maximum Ratings 





Item Symbol Value Unit Note 
Supply voltage Vec -0.3 to +7.0 V 
Programming voltage Vpp —-0.3 to +14.0 V 2 
Pin voltage Vr —0.3 to Vec +0.3 V 
—0.3 to +15.0 V 3 
Total allowance of input currents Zlo 100 mA 4 
Total allowance of output currents — Zl, 50 mA 5 
Maximum input current lo 4 mA 6, 7 
6 mA 6,8 
30 mA 6,9 
Maximum output current —lo 4 mA 10, 11 
Operating temperature Topr -—20 to +75 Gs 
Storage temperature ‘Testy —~55 to +125 BG 
Storage temperature (when bias) ligase -25 to +80 oC 12 
Notes: 1. Permanent damage may occur if “Absolute Maximum Ratings” are exceeded. Normal 
operation should be under the conditions of “Electrical Characteristics”. If these conditions 
are exceeded, it may cause the LSI] to malfunction or affect the reliability of LSI. 
2. Applies to RAo (Ver) of HD4074418 and HD4074408. 
3. Applies to the high-voltage pins (R8, R9) of HD4074408. 
4. Total allowance of input currents is the total sum of input current which flow in from all |/ 
O pins to GND simultaneously. 
5. Total allowance of output currents is the total sum of the output current which flow out 
from Vcc to all 1/O pins simultaneously. 
6. Maximum input current is the maximum amount of input current from each I/O pin to GND. 
7. Applies to RO to R6. 
8. Applies to R8 to RA. 
9. Applies to Do to Dis. 
10. Maximum output current is the maximum amount of output current from Vcc to each 1/O 
pin. 
11. Applies to Do-Dis, RO-R6, R8, and RO of HD404418 and HD4074418, or Do-Dis, RO- 
R6 of the HD4074408. 
12. Applies to HD4074418 and HD4074408. 
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Electrical Characteristics 


DC Characteristics (Vcc = 4.5 to 5.5 V, GND = 0 V, Ta = — 20 °C to + 75 °C, unless 
otherwise specified) 


item 


Input high voltage 


Input low voltage 


Output high voltage 


Output low voltage 


input/output leakage 
current 


Current dissipation in 
active mode 


Current dissipation in 
standby mode 


Current dissipation in 
stop mode 


Stop mode 
retain voltage 


722 





Value 
SymbolPin Name Min Typ Max 
Vin RESET, 0.85Vcc Vec+0.3 
INTo, INT;, O.8Vcc Vec+0.3 
INTz, INT3, 
INT, INTs, 
SCK,, SCKo, 
Th, Tle 0.8Vcc Veco + 0.3 
Shi, Slo 0.8Vcc Vec+0.3 
OSC, Vec-0.5 Veco + 0.3 
Vit RESET, -—0.3 0.15Vcc 
INTo, INT;, —0.3 0.2Vcc 
INT2, INT3, 
INT, INTs, 
SCK1, SCKa, 
Th, Tle =0..3 0.2Vcc 
Sli, Sle -0.3 0.2Vcc 
OSC, nieOes 0.5 
Vou SCK,, SO1, Vec-1.0 
SCK2, SO, 
TO;, TOQ2, Vec—0.3 
TO3 
VoL SCK,, SQ1, 0.4 
SCK2, SOQ2, 
TO1, TO2, 
TO3 
In| RESET, OSC;, 1 
INTo, INTy, 
INT», INTs, 
INT4, INTs, 
Th, Tlo, 
SCK,, Shi, 
SCKo, Slo 
lec Vec 4 8 
Icmp 7 12 
Issy  Vec 2 4 
Istop  Vec 10 
Vstop Vcc 2 
© HITACHI 


Unit Test Conditions Note 

V 

V 

V 

V 

V External Clock Operation 

V 

V 

V 

V 

V External Clock Operation 

V —lou = 1.0 mA 

V —lon = 0.01 mA 

V lou = 1.6mA 

HA Vin = OV to Vec 1 

MA Vec=5V 2,5 
R7 digital input mode 
fose = 8 MHz 

MA Vec=5V S 
R7 analog input mode 
fose = 8 MHz 

mA Vec = 5 V, Toe = 8 MHz 4, 5 

uA MVin(TEST) = Vec to Vec - 0.3 V 
Vin(RESET) = 0 to 0.3 V 

V 
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Notes: 1. 
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Pull-up MOS and output buffer current are excluded. 
The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state: @ Reset state 
Pin state: @® RESET, TEST::-Vcc 
The source power when |/O current does not flow with all pins of R7 in the analog input 
mode. 





Test condition: @ Viet, R70-R73°-;GND 
The timer operates with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state: e@ Standby Mode 


@ Input/Output: Reset state 
@Timer: +2 prescaler divide ratio 
@ Serial Interface: Stop 
Pin state: @ RESET---GND 
| @TEST::-Vec 
@Do-Dis, RO-RA:::Vcc 
When fosce=x [MHz], the current dissipation in operation mode and standby mode are 
estimated as follows: 
max. value (foss = x L[MHz]) = a x max. value (fosc = 8) 
When fosc is less than 1 [MHz], current dissipation is sometimes more 
than estimated. 


Input/Output Characteristics for Standard Pin 


(Vcc = 4.5 to 5.5 V, GND = 0 V, Ta = —20°C to +75°C, unless otherwise specified.) 
































Value 

item Symbol Pin Name Min Typ Max Unit Test Conditions Note 
Input high voltage Vin RO-RA 0.7Vcc Vec+0.3 V 1 
Input low voltage Vit RO-RA =0.3 0.3Vcc V 1 
Output high voltage Voy RO-R6, R8, RO Vc -1.0 V —lon = 1.0 mA 1 

RO-R6, R8, RIO \Yc-0.3 V —lon = 0.01 mA 1 
Output low voltage Vo,  RO-R6, R8-RA 0.4 V lo. = 1.6 mA 1 
input/output Mie | | HA: No = OW AO Nee ae 
leakage current 10 uN Vin = OV to Vec 2,4 
Pull-up MOS current —Ip RO-R6 15 120 HA Vec=5 V, Vin=O0 V 5 
Input high voltage Vina R7(Analog Vrep + 0.1 Vec-1.2 V 

compare mode) 
Input low voltage Via R7(Analog 0 Viet -O.1 V 

compare mode) 
Analog input Vref = Vret O Vece-1.2 V 
reference voltage 
scope 
Notes: Does not apply to R8, RY of the HD4074408. 


1 
2. 
3: 
4 
5 


Pull-up MOS and output buffer current is excluded. 

Applies to RO-RA of the HD404418, RO-R9 and RA; of the HD4074418, RO-R7 and RA; 
of the HD4074408. 

Applies to RAo of the HD4074418, HD4074408. 

Applies to HD404418 pins which were specified as with pull-up MOS via mask option. 
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Input/Output Characteristics for High-Current Pins 


(Vcc = 4.5 to 5.5 V, GND = 





item Symbol Pin Name 
Input high voltage Vin Do-Di5 
Input low voltage VIL Do-Di5 
Output high voltage Vou Do-D15 
Do-Di5 
Output low voltage VoL Do-D15 
Input/output leakage =| Ii, | Do-Di5 
current 
Pull up MOS current —Ip Do-D15 


Value 


Min Typ 
0.7Vcc 

=0.3 
Vec-1.0 


Vec-0.3 


15 


Max 
Vec+0.3 


0.3Vecc 


120 


Notes: 1. Pull-up MOS and output buffer current are excluded. 
2. Applies to HD404418 pins which are specified as with pull-up MOS via mask option. 


Input/Output Characteristics for High-Voltage Pins 


(Vcc = 4.5 to 5.5 V, GND = 


Item Symbol Pin 
Input high voltage Vin R8, RY 
Input low voltage Vit R8, RQ 
Output high voltage Vou R8, RY 
Output low voltage VoL R8, RQ 
Input/output leakage =| 1, | R8, R9 
current | 


Note: 1. Applies to the HD4074408. 


Name 


Value 


Min Typ 
0.7Vcc. 
=0.3 


11 


@ HITACHI 


Max 
12.8 


0.3Vcc 


0.4 
10 


Unit 


uA 


0V, Ta = —20°C to + 75°C, unless otherwise specified) 


Test Conditions Note 


—loo = 1.0 MA 
—lou = 0.01 mA 
lo. = 10 mA 

= 0V-Vec 1 





Vec = 5V,Vn = OV 2 


0 V, Ta = —20°C to +75°C, unless otherwise noted) . 


Test Conditions Note 


7.5kQ to 12 V 1 
lo. = 1.6 mA 1 


Vin = OV-12.8V 1 
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AC Characteristics 
(Vcc = 4.5 to 5.5 V, GND = 0 V, Ta = —20°C to +75°C, unless otherwise specified) 

































































Value 
items Symbol Pin Name Min Typ Max Unit Test Conditions Note 
os Oscillation frequency — fo¢¢ OSC;, OSC2 0.4 8 9.0 MHz 
+ £ he —y aaaarag 
aS £ Instruction cycle tévc 0.89 1 20 us 
S 2= time 
- & 3 —__ 
C9 © Oscillator stabilization tec OSC;, OSC> 20 ms 1 
time 
External clock fcp OSC; 0.4 9.0 MHz 2 
frequency 
c External clock tcPH OSC, 41 ns 2 
c= high level width 
2 External clock tcp. OSC; 41 ns 2 
o low level width 
O a a a ss ss 
3 External clock tcp, OSC, 20 ns 2 
o rise time 
= 
£ External clock tcp¢ OSC, 20 ns 2 
fall time 
Instruction cycle teve 0.89 20 “us 2 
time 
External interrupt signal tH INTo, INT;, 2 teve 3 
high level width INT2, INT3, 
INT4, INTs 
External interrupt signal tit INTo, INT;, 2 teyc 3 
low level width INT2, INT3, 
INT, INTs 
Timer input high level width — try Thi, Tle 2 teve 3 
Timer input low level width tr, Th, Tle 2 teve 3 
RESET high level width trRsTH RESET 3 teye 4 
Input capacitance Cin 70 pF f=1MHz, Vin=OV 5 
15 pF f=1MHz, Vin=OV & 
RESET fall time tastt 20 ms 4 
Analog comparator stabiliz- tcstB R7 (In analog 2 teyc 7 
ation time input mode) 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5 V 
at power-on, or after RESET input level goes high after resetting to leave the stop mode. 
When using crystal or ceramic filter oscillator, please check the crystal oscillator stabilization 
time, since it depends on the circuit constant and stray capacitance. . 

See figure 37. 

See figure 38. 

See figure 39. 

Applies to RAo of HD4074418, HD4074408. 

Applies to all input pins of HD404418 and input pins except for RAo of HD4074418, 
HD4074408. 

Analog comparator stabilization time is the time until the analog comparator stabilizes to 
read precise data after R7 goes into the analog input mode. 


Sy ele ey 
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Serial Interface Timing Characteristics 


(Vcc = 5V + 10%, GND = OV, Ta = —20°C to +75°C, unless otherwise specified) 
At Transfer Clock Output 








Value 
item Symbol Pin Name Min = Typ Max Unit Test Conditions Note 
Transfer clock cycle time — tgeyc SCKi, SCK> 1 teve 122 
Transfer clock high ~ tscKH SCK1,SCKz 0.5 | tscyc 1, 2 
level width 
Transfer clock low tscKL SCK1, SCKo O.5 tscyc TZ 
level width 
Transfer clock rise time tsckr SCK1, SCK2 100  ~=ns Te 
Transfer clock fall time tscK¢ SCKi, SCK2 100 ns 12.2 
Serial output data toso S01, SO2 250 ns 1,2 
delay time 
Serial input data set-up tssi Sl,, Slo 300 ns 1 
time 
Serial input data hold tusi Sl,, Sle 150 ns 1 
time 


SSS Se SS SS SS 


At Transfer Clock Input 





Value 
item Symbol Pin Name Min Typ Max Unit Test Conditions Note 
Transfer clock cycle tscyc SCKi, SCK2 1 teye 1 
time 
Transfer clock high tscKH SCK1, SCKz 0.5 tscyc 1 
level width 
Transfer clock low tsckL SCK1, SCK2 0.5 tseyé 1 
level width 
Transfer clock rise time tsckr SCKi, SCK2 100 ns 1 
Transfer clock fall time tsck¢ SCKi, SCK2 100 ns 1 
Serial output data toso SO;, SO2 250 ~—ons : ee 
delay time 
Serial input data set-up tssi Sl,, Slo 300 ns 1 
time 
Serial input data hold tusI Sl,, Slo 150 ns 1 
time 
-Notes: 1. See figure 40. 
2. See figure 41. 
HITACHI 
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Figure 37. External Clock Timing 





Figure 38. Interrupt and Timer Input Timing 





Figure 39. Reset Timing 
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Vec ed 2.0V (0.8 Vcc)* 
0.8 V (0.2 Vec)* 


*Vec — 2.0 V and 0.8 V are the threshold voltages for transfer clock output. 
0.8 Vec and 0.2 Vcc are the threshold voltages for transfer clock input. 





Figure 40. Timing Diagram of Serial Interface 


Voc 


R, = 2.6kQ 
Test 


Point 


C R 1$2074® 
30 pF 12k or Equiv. 





Figure 41. Timing Load Circuit 
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Programming Electrical Characteristics 


DC Characteristics 


(Vcc=6V £0.25 V, Vep=12.5V+0.3V, Vss=OV, Ta=25C +5C, unless otherwise 


























noted.) 
item Symbol Min Typ Max Unit Test Conditions 
Input high voltage Oo—O7, Ao—Aia, OF, CE Vin 2.2 Vect+0.3 V 
Input low voltage Oo—07, Ao—Ai4a, OE, CE Vit -0.3 0.8 V 
Output high voltage Oo—O7 Vou 2.4 V lon = —200 vA 
Output low voltage apes —_ VoL 0.4 V lo. = 1.6 mA 
Input leakage current Oo—O7, Ao—Aia, OE, CE |lu| 2 uN Vy = 5.25 V/0.5V 
Vec Current lec 30 mA 
Vpp current - Ipp 40 mA a 





AC Characteristics 


(Vcc=6 V + 0.25 V, Vpp=12.5 V + 0.3 V, Ta=25C + 5C, unless otherwise noted.) 









































item Symbol Min Typ Max Unit Test Conditions 
Address set-up time tas 2 us Figure 42 
OE set-up time toes 2 us (Note) 
Data set-up time tos 2 us 

Address hold time tan O | us 

Data hold time toH 2 us 

Output disable delay time tor 130 ns 

Vpp set-up time types 2 us 

Program pulse width tpw 0.95 1.0 1.05 ms 

CE pulse width when overprogramming topw 2.85 78.75 ms 

Vcc set-up time tvcs 2 us 

Data output delay time tor 0 500 ns 


Note : input pulse level: O.8 to 2.2 V 
Input rising/falling time <= 20ns 


Timing reference level { 


Address 


input: 1.0V, 2.0 V 
output: 0.8 V, 2.0 V 


Program 


Data In Stable a 
a 





Figure 42. PROM Program/Verify Timing 
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HD404418/HD4074418/HD4074408 
Differences between HD404418 and HD4074418 (HD4074408) 


HD4074418 (ZTAT) 


Item HD4074408 (ZTAT) HD404418 (Mask ROM) 
Input/Output Leakage RAo/Vpp | 10 nA max All standard pins 1 “uA max 
Current Other standard pins 1 wA max 
Input Pin Capacitance RAo/Vpp / 70 pF max All pins 15 pF max 
Other pins 15 pF max . 
1/O Option No Yes 
All pins are without pull-up With pull-up MOS can be 
MOS specified (Do-D15, RO-R6, except R43) 
Timer Option No Yes 
One of two options provided for Free-running timer, watchdog timer 


each product can be selected 


High-voltage Yes No 


Port Version (HD4074408) 
(R8, RQ) 
Precaution The HD404418 differs from HD4074418 (HD4074408) in chip design and 


manufacturing process. Be careful when using the HD4074418 (HD4074408) 
system for the HD404418 since characteristic values are not exactly the same 
though guaranteed values are identical. 
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HD404418 Mask Option List 


5 V Operation : @ HD404418 





Date of Order 


Dept. 


Name 
ROM Code Name 


LS! Type Number 
(Hitachi's entry) 







(1) 1/0 Option 
Please enter © in applicable item for I/O option selection. 


A: Without Pull-Up MOS B: With Pull-Up MOS 
C: NMOS Open Drain 


Pi Input/Output eee 
in npu utpu 
Gas TEOV EC 
Y 


n 
Input/Output | YY 


Note (I/O options masked by £2 are not available.) 


Pees 


apwouree |_| V7 
feoetoveet [| 
YY 













Input/Output 





Input/Output 


i 


ae npuvouwue || 
Da Input/Output Input/Output = || | YY 
Ds Input/Output 


Input/Output OVW 


Input/Output 
Input/Output 








High Current Pins 















Input/Output 
[De Input/Output GY 
[be | Bfinput/Outpat | input/ Output — 
Dio fa Input/Output S 
Dit Input/Output a YY 
Input/Output | | Input/Output =| | WY 
Dig Input/Output || Inpur/Outpat || 
Di4 Input/Output | | Input/Output | | GG 
Dig £ | jnput/Output | | YF 


a= 
Input O YY) 
oY 
0YYWYY/ 

V/ 


Input/Output 


Input/Output 


Input/Output Input/Output Wf) 
Input/Output Input/Output SY 
Input/Output Input/Output — | O YYyyyy 


Input/Output 0 iii 
Input/Output OY 
Input/Output OLY 
Input/Output oY 
Input/Output Oo Midi 
Input/Output iY © 
Input/Output WMYJ____ 


Input/Output 
Input/Output 


Standard Pins 


Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
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(2) Package 


* Please enter check marks (MI, X, /) in applicable item. 










(4) ROM Code Media 


ROM Code Media 


M@ EPROM: EPROM On-Package Microcom- 
puter Type 














(3) Timer 4 


Divider Circuit 


(] Free-running Timer 
[J Watchdog Timer 











Application Check List 


(A) Oscillator (CPG option) 


| | ml -HD404418 (5 V Operation) 


[_] Ceramic Filter 


CPG 
L_] Crystal 
option 
[ | External Clock 


* Please enter check marks (MH, <, \’) in applicable item. 
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HD407441 8/HD4074408 Type Name and Mark 


tates 


Type 
Name 








Type 
Name 





Free-running Timer 


HD4074418C 
HD4074408C 


Timer Option 








@  APAN 
7G1 
HD4074418C 


JAPAN 
© 7G1 
HD4074408C 


HD4074418S 
HD4074408S 


Watchdog Timer 


HD4074418C01 
HD4074408C01 





© JAPAN 
7G1 
HD4074418C01 


JAPAN 
® Jo 
HD4074408C01 





HD4074418S01 
HD4074408S01 





@ 7G1 
HD4074418S 


JAPAN 


@  7G1 
HD4074408S 
; JAPAN 





@ 7G! 
Ae eas 8S 


JAPAN 


7G1 
HD4074408S 


O1 -: JAPAN 





HD4074418F 
HD4074408F 


HD4074418F01 
HD4074408F01 











Type 


Name 








HD4074408F 


JAPAN 


HD4074418H 
HD4074408H 








7G1 
HD4074418F 
O01 


JAPAN 


7G1 
Aa iy 


JAPAN 


HD4074418HO1 
HD4074408HO1 





Note: Marks presented here are standard specification. 
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Description Type of Products 


The MCU is a microcomputer unit which has 


powerful and efficient architecture of the Mask ROM type 


HMCS400 family. The MCU incorporates a 

high-precision dual tone multi-frequency Part No. 
(DTMF) circuit, LCD driver/controller, voltage 

comparator, and 32kHz watch oscillator cir- | HD404608FS 
cuit. 


Clock Freq. 


(kHz) 
400/800 


The HD4074608, incorporating PROM, is a HD404608H 


ZTAT microcomputer which can dramatically 

shorten system development period and 

smoothly proceed from debugging to mass ZTAT type 
production. 


Part No. 


Features 
HD4074608H 
8192 words of 10-bit ROM 
1184 digits of 4-bit RAM 
30 I/O pins: 
Including 10 high current output pins. 
I/O pin circuit configuration is CMOS 
Input/Output pull-up MOS can be 
selected by software 
On-chip DTMF generator 
16-digit LCD driver 
Three timers/counters 
Clock synchronous 8-bit serial interface 
Six interrupt sources 
—External: 2 
—Internal: 4 
@ Subroutine stack 
—Up to 16 levels including interrupts 
@ Instruction cycle time 
—10 us (fosc = 400kHz) 
——5 us (fosc = 800kHz) 
@ Four low power dissipation modes 
—Stop mode 
—Standby mode 
—-Watch mode 
—Subactive mode (Option) 
@ Internal oscillator: 
Crytal or ceramic filter 
(external clock is available) 
@ Voltage comparator (2 channels) 
@ Operation modes: 
MCU mode 
PROM mode (HD4074608) 
@ Package 
—80-pin plastic flat package (FP-80B) 
(FP-80A) 


Program Development Support Tools 


@® Cross assembler and simulator software for 
use with IBM PCs and compatibles 


@® In circuit emulator for use with IBM PC 


Programming socket adapter for program- 
ming the EPROM-on-chip device 
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Clock Freq. 


(kHz) 
400/800 


Package 
FP-80B 
FP-80A 


Package 
FP-80B 
FP-80A 
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Pin Arrangement 


78| _] RESET 
73[ ] TONER 


64] }|SEG32 
63] |SEG31 
62[ ]SEG30 


61{ |SEG29 6o[_| SEG30 
60{ _]SEG28 § 591_]SEG29 
so _]SEG27 58{_] SEG28 
58[ ]SEG26 57{_]SEG27 
55 
ee. ssf] SEG24 
54] _]SEG22 53} 1 SEG23 
52{_ |] SEG22 
53{ |SEG21 511 ])SEG21 
52[ ]SEG20 50i_}SEG20 
51{__]SEG19 asl ]SEG19 
so] _]|SEG18 4s[_]SEG18 
49f ]SEG17 471_}SEG17 
asl ]SEG16 461_ |SEG16 
47{ |SEG15 45[_ |SEG15 
46] _]SEG14 44] SEG 14 
45[_]SEG13 es Poe 
42 1 
ea 41[ ]SEG11_ 


42[ |SEG1O 


621 _} SEG32 
611} SEG31 





ED 


INT,/R33[ | 32 
SEG10[_}40 


TIMO/R3,|__} 30 


INT>/R32 


(FP-80B) (FP-80A) 
(Top View) (Top View) 
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Block Diagram 


ROo/SCK 


D42/COMPO 
Di3/COMP1 
RO,/SI 


D, 1/VC ret 
RO2/SO 
RO3 


pea 


| 


Toe ] [oe 


: 


4a}UN0D 
wel6boldg 


—— 


vo. as. 











Japooeq 






19]UI0d 
IBIS 


j04]U04) Wa}SAS 


uoHnoniysu| 


dau, 60g Yyo1eAA 


/D s0udL 


> 
wWQOL x 7618 
WOW 


x1 
X2 


GND--——- 


Vec 
TEST 


RESET 





Osc, 
OSC, 





R32/INTO 


ydni9}U} 
jeusayxXy 


R1o 
R1, 
R12 
R13 
R20 


a 
! 





R33/I 


eseg owl 
/Wf AOUILL 


R2, 
- R22 


R23 


| 


i 
u i 
eel GF 
Cin] Fe 
| 4 






1/TIMO 
R32/INTo 


R3o 
R3 
R33/INT 


f 





ea 
bea 


40}8J8U85 
4SWLO 


High Current 
Output Pins 


| 
i) 


; | 


ce93aS 
Leas 
0€93S 


6793S 
8794S 
£c9aS 
9793S 
S$Z93S 
vz9aS 
€Z94S 
cc93S 


Lc93S 
0c9aS 
6193S 
8L5a$ 
2194S 
9L93S 
§t934S 
vlLD3s 
€19as 
é19as 
LL953S 
OLDAS 


6953S 
8953S 
£94S 
9943S 
G9D3S 
y9as 
€93S 
c94S 
L94aS 


LCD Driver/Controller 


vWOD 
EWOD 
cCWOD 
LWOD 


49}{0.3U0D | 
/40AUQ 
aol 





TONER 
TONEC 


SS: 
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Pin Function 































































































































































































Pin No. Pin No. J 
FP-80B FP-80A Pin Name 1/0 FP-80B FP-80A Pin Name 1/0 
1 79 D> 1/0 41 39 SEG O 
2 80 D3 1/0 42 40 SEG10 O 
3 1 D4 1/0 43 41 SEG11 O 
4 2 Ds 1/0 44 42 SEG12 O 
5 3 De 1/0 45 43 SEG13 O 
6 4 D7 1/0 46 44 SEG14 O 
7 5 Ds 1/0 47 45 SEG15 O 
8 6 Dg 1/0 48 46 SEG16 O 
9 7 Da | 49 47 SEG17 O 
10 8 Di1/VCret | 50 48 SEG18 O 
1 9 D12/COMPO | 51 49 SEG19 O 
12 10 D13/COMP1 | 52 50 SEG20 O 
13 11 TEST | 53 51 SEG21 O 
14 12 x1 | 54 52 SEG22 O 
15 13 x2 O 55 53 SEG23 O 
16 14 GND 56 54 SEG24 O 
17 15 ROo/SCK 1/0 57 55 SEG25 O _ 
18 16 RO,/SI 1/0 58 56 SEG26 O 7 
19 17 RO2/SO 1/0 59 57 SEG27 O 
20 18 RO3 1/0 60 58 SEG28 O 
21 19 R10 1/0 61 59 SEG29 O 
DD 20..~—R1 1/0 62: 60 ~SEG30 ec. -. 
23 D1 R1> 1/0 63 61 SEG31 O 
24 OD, Ris 1/0 64 so. Seago Cti‘itésS 
25 23 R20 1/0 65 63 COM1 O _ 
26 24 R2, /O 66 64 com2 O 
27 25 R2> /O 67. 65 COM3. O 
28 26 R23 1/0 68 66 COM4 | io el 
29 27 R30 1/0 69 67 Vi 
30 28 R3,/TIMO 1/0 70 68 V> a 
31 29 R32/INTo 1/O 71 69 V3 
32 30 R33/INT1 1/0 72 70 TONEC O : 
33 31 SEG1 O 73 71 TONER O 
34 32 SEG2 O 74 72 VT ret 
35 33 SEG3 O 75 73 Vee 
36 34 SEG4 Oo .©}©6 76 74 OSC, | 
37 35 SEG5 O 77 75 OSC, O 
38 36 SEG6 O 78 76 RESET | 
39 37 SEG7 O 79 77 De 1/0 
40 38 SEG8 O 80 78 D; 1/0 
Note: 1[/O: Input/output pin, |: Input pin, O: Output pin 
@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300. 737 





HD404608/HD4074608 





Pin Description 
GND, Vcc (Power) 


These are the power supply pins for the MCU. 
Connect the GND to the ground (0 V) and 
apply the Vcc power supply voltage to Vcc. 


TEST 


TEST is for test purposes only. Connect it to 
Vec. 


RESET 


RESET resets the MCU. Refer to Reset section 
for details. 


OSC:, OSCz2 (Oscillator Connections) 


OSC, and OSCz2 are the oscillator terminals of 
the system. They can be connected to a 
ceramic filter resonator or external oscillator 
circuits. 


X1, X2 


These are watch oscillator ot which 32.768 
kHz crystal is used. 


Port D (Do— Dis) 


Port D is a 1-bit I/O port. Do-Dg are I/O ports 
and Dio-Di3 are input ports. Do-Dg are high 
current output ports (15 mA max). Dy-Di3 are 
also available as voltage comparators. Refer 
to Input/Output for details. 


Port R (RO-R3) 


Port R is a 4-bit I/O port. RO-R3 are I/O ports. 
And R0Oo, RQ, RO2, R3:, R32, and R33 are 
multiplexed with SCK, SI, SO, TIMO, INTo, 
INTi, respectively. 





INTo, INT: (Interrupts) 


INTy and INT; are external interrupts for the 
MCU. INT; can be used as an external event 
input pin for timer B. INTy and INT) are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 


SCK, SI, SO 


The transfer clock I/O pin (SCK), serial data 
input pin (SI), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with ROo, ROi, and R02, 
respectively. For details, see Serial Interface 
section. 


TIMO 


TIMO is a duty variable square waveform 
output pin. See Timer C section for details. 


Vi, V2, V3 


These are power supply pins for LCD driver. 
Internal resistors provide voltage level for 
each pin. The voltage condition is; Vec2Viz 
V22V32GND. See section Liquid Crystal Dis- 
play for details. 


COM1 to COM4 


These are common signal output pins for LCD 
display. See Liquid Crystal Display section for 
details. 


SEG1 to SEG32 


These are segment signals output pins for 
LCD display. See Liquid Crystal Display sec- 
tion for details. 


TONER, TONEC, VT ret 


These are DTMF signal output pins. TONER 
and TONEC transmits signals for ROW and 
COLUMN, respectively. VTrep is a reference 
voltage of DTMF signals and apply Vcc’ 
VTrer2GND to this. For details, see DTMF 
Output section. 


COMPO, COMP1, VCre:s 


COMPO, COMP1 are analog inputs for the 
voltage comparator. VCre¢ is used as a refer- 
ence voltage pin to input the threshold volt- 
age of the analog input pin. 
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Functional Description 
ROM Memory Map 


The MCU includes 8,192 words x 10 bits of 
ROM. ROM is described in the following par- 
agraphs and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


Zero-Page Subroutine Area ($0000 to 
$O03F): Locations $0000 through $003F are 
reserved for subroutines. Program sequence 
branches to subroutine by CAL instruction. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions allow the MCU to refer to 
the ROM data as a pattern. 


Program Area ($0000 to $1iF FF): Locations 
from $0000 to $1FFF can be used for program 
code. 


RAM Memory Map 


The MCU includes 1184 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are mapped on the RAM mem- 
ory space. RAM memory map (figure 2) is 
described in the following paragraphs. 


Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area (S004 to 
$01F, $024 to SO3F): The special function 
registers are the mode or data registers for 
the serial interface, timer/counter, LCD, and 
DTMF, and the data control registers for the 
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I/O ports. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. 


SEM/REM, SEMD/REMD instructions are 
available to the LCD control register (LCR). 


Other registers cannot be accessed by RAM 
bit manipulation instructions. 


Register Flag Area (S020-S023): Locations 
$020 through $023 are consisted of LSON, 
WDON, TGSP flags which are bit registers 
accessible by RAM bit manipulation instruc- 
tion. Note that WDON flag can only be set 
and SEM/SEMD instruction is available to 
this. 


TGSP flag can be set/reset, and SEM/REM 
and SEMD/REMD instructions are available 
to this. 


LCD Data Area (S050-SO6F): Locations 
$050 to $06F store the LCD data which is 
automatically transmitted to segment as a 
display data. LCD is illuminated with 1 and 
faden with 0. This area can be used as a data 
area. 


Data Area ($040 to S2CF, $100 to S2CF; 
Bank1): 16 digits of $040 through $04F are 
called memory registers (MR) and are acces- 
sible by LAMR and XMRA instructions (figure 
4). 464 digits of $100 through $2CF is select 
the bank of location depending on the value 
of V register. 


Stack Area (S3C0 to S3FF): Locations $3C0 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST), and carry (CA) when su- 
broutine call (CAL-instruction, CALL- 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 
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Vector Address 


Zero-Page Subroutine 
(64Words) 


Pattern 
(4096 Words) 


Program 
(8192 Words) 


Not Used 





JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) 
JMPL Instruction 
(Jump to TIMER A Routine) 
JMPL Instruction 
(Jump to TIMER B Routine) 
JMPL Instruction 
(Jump to TIMER C Routine) 


JMPL Instruction 
(Jump to SERIAL Routine) 


0) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 


Figure 1. ROM Memory Map 
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0 D000 O $000 
RAM- d Regist 1 001 

eg eee Interrupt Control Bits Area : 
63 $O3F 2 $002 
64 Memory Register (MR) $040 3 $003 


80| LCD Display Area (32 Digit) }$050 4| Port Mode Reg. A (PMRA): W_ {$004 
112 — $070 5! Serial Mode Reg. (SMR): W_ {$005 
Data (144 Digit) 
\ 6] Serial Data Reg. Lower (SRL): R/W 1$006 
$100 7| Serial Data Reg. Upper (SRU): R/W {$007 
8| Timer Mode Reg. A (TMA): W_ {$008 
Data (464 Digit x 2)* 9| Timer Mode Reg. B (TMB): W_ {$009 
peat nae V=O0 (Bank 0) 10] _. (TCBL/TLRL) ' R/W |$OOA 
Timer B 
V=1 (Bank 1) 11 (TCBU/TLRU) : R/W |$00B 
12] Miscellaneous Reg. (MIS): W_ |{$00C 
: SCF 13] Timer Mode Reg. C (TMC): W_ |$00D 
14] (TCCL/TCRL) | R/W |$OOE 
Timer C 
Not Used 15 (TCCU/TCRU) | R/W |SOOF 
959 $3BE 16 Not Used $010 
960 $3CO 17 Not Used $011 


Stack (64 Digit) 18 $012 
sare | 19[ LCD Controt Reg. (LCR) W__|s013 
20[ LCD Mode Reg. (LMR) W_|so14 


32 $020 
Register Flag Area 
35 $023 


48] Port RO DCR (DCRO): W_ {$030 
49] Port R1 DCR (DCR1): W_ {$031 








1023 





50| Port R2 DCR (DCR2)!: W_ {$032 
51} Port R3 DCR (DCR3): W_ {$033 
Data (464 Digit)| |Data (464 Digit) 
V=1 (Bank 1) V=O (Bank O) 
Not Used 
59! Port Do-D3 DCR (DCRB): W_ {$03B 
* Do not use any area labelled “Not Used” 60| Port Da-D7 DCR = (DCRC)! W_  |$03C 
61] Port Dg-Dg DCR (DCRD): W_ {$03D 
Not Used 
63) V Reg. (V-REG) | R/W {$03F 











10 $O0A 


Timer/Event Counter B Lower: R Timer Load Reg. B Lower WW 
(TCBL) a (TLRL) ! 

Timer/Event Counter B Upper: R Timer Load Reg. B Upper WW 
(TCBU) (TLRU) 


Timer Counter C Lower R Timer Load Reg. C Lower Ww 
(TCCL) (TCRL) 

Timer Counter C Upper R Timer Load Reg. C Upper Ww 
(TCCU) (TCRU) 


Figure 2. RAM Memory Map 


11 $00B 






$SOOE 
R : Read Only 


W : Write Only 
R/W : Read/Write 


$OOF 
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bit3 © bit 2 bit 1 bit O 
IMO IFO RSP I/E 
0 Be a $000 
(IM of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 
IMTA IFTA IM1 IF 1 an: 
(IM of TIMER-A) (IF of TIMER-A) (IM of INT) (IF of INT;) 
IMTC IFTC IMTB IFTB 
2 $002 
(IM of TIMER-C) (IF of TIMER-C) (IM of Timer B) (IF of Timer B) 
| IMS IFS 
3 Not Used Not Used $003 


(IM of SERIAL) (IF of SERIAL) 





IF: Interrupt Request Flag 

IM: Interrupt Mask 

1/E: Interrupt Enable Flag 

SP: Stack Pointer 

Note: Each bit in the interrupt control bits area or register flag area is set by the SEM/SEMD instruction, is reset by the REM/REMD 

instruction, and is tested by the TM/TMD instruction. They are not affected by other instructions. Furthermore the interrupt 
request flag is not affected by the SEM/SEMD instruction. 
The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM/TMD instruction. 


bit 3 bit 2 bit 1 bit O 


TGSP WDON 
Not Used Generator Speed Flag)! (Watch Dog on Flag) | (Low Speed on Flag) S020 


Reserved 





SEM/SEMD instruction is available for WWDON flag (can be reset only by MCU reset). 
SEM/SEMD, REM/REMD instruction is available for TGSP flag. 


Figure 3. Configuration of Interrupt Control Bit Area and Register Flag Area 


Memory Registers Stack Area 


Level 16 |$3CO 


Level 15 
Level 14 


Level 13 
Level 12 
Level 11 


Level 10 
, bit2 bit 1 


PCi3 to PCo: Program Counter 
ST: Status 
CA: Carry 


Level 2 
Level 1 





Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 


The MCU provides ten registers and two flags 
for the CPU operations. They are illustrated in 
figure 5 and described in the following para- 
graphs. 


Accumulator (A), Register B (B): The 
accumulator and register B are 4-bit registers 
which hold the results of the arithmetic logic 
unit (ALU), and exchange data between 
memories, I/O pins, and other registers. 


Register V (V): Register V, available for 
RAM address expansion, selects the bank of 
location $100-$2CF on the RAM address (464 
digits) depending on its value. Therefore, 
when you access location $100-$2CF on the 
RAM address, specify the value of register V 
(V=$0; Bank 0, V=$1; Bank 1). You can access 
location $000-$0FF and $300-$3FF indepen- 
dently of register V's value. Register V locates 
on $03F of the RAM address area. 


Register W (W), Register X (X), Register 
Y (Y): Register W is a 2-bit, and registers X 
and Y are 4-bit registers which address RAM 
indirectly. Register Y is also available for 
addressing port D. 


Register SPX (SPX), Register SPY (SPY): 
Registers SPX and SPY are 4-bit registers 
available for assisting registers X and Y, 
respectively. 
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Carry (CA): The carry holds the ALU over- 
flow which arithmetic operation generates. It 
is also affected by SEC, REC, ROTL, and ROTR 
instructions. During interrupt servicing, the 
carry is pushed onto the stack and restored 
back from the stack by RTNI instruction (it is 
unaffected by RTN instructions). 


Status (ST): The status holds the ALU over- 
flow, ALU non-zero, and the results of bit test 
instruction for the arithmetic or compare 
instructions. The status is a branch condition 
of the BR, BRL, CAL, or CALL instructions. 
The value of the status remains unchanged 
until an instruction which affects the next 
status is executed. The status becomes 1 after 
the BR, BRL, CAL, or CALL instruction 
whether it is executed or skipped. During 
interrupt servicing, the status is pushed onto 
the stack and restored back from the stack by 
RTNI instruction, not by RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter for holding 
ROM address. 


Stack Pointer (SP): The stack pointer is a 10- 
bit register to indicate the next stacking area 
up to 16 levels. The stack pointer is initialized 
to $3FF on the RAM address at the MCU 
reset. It is decremented by 4 as data pushed 
onto the stack, and incremented by 4 as data 
restored back from the stack. The stack 
pointer is initialized to $3FF either by MCU 
reset or the RSP bit reset by REM/REMD 
instruction. 
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Accumulator 


Register B 
Register V 


Register W 
Register X 


Register Y 


Register SPX 


Register SPY 


Carry 


Status 


Program 
Counter 


Stack 
Pointer 





Figure 5. Registers and Flags 
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Interrupt 


Six interrupt sources are available on the 
MCU: external requests (INTo, INT;), timer/ 
counter (timers A, B, C), and serial interface 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM), and interrupt 
vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control an 
interrupt operations. 


Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions (The interrupt 
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request flag (IF) cannot be set by software). 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 


The interrupt request is generated when the 
IF is set to 1 and IM is O. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
SOUICEeS. 


Sequence Control 

- Push PC CA ST 

- Reset i/E 

> Jump to Vector 
Address 


Vector 
Prionty Control PLA Address 


Figure 6. Interrupt Control Circuit Block Diagram 
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Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
executed after jumping to the vector address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF, 
which caused the interrupt service, must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests (table 3). It is reset by 
interrupt servicing and set by the RTNI 
instruction. 


External Interrupts (INTo, INT): The 
external interrupt request inputs (INTo, INT1:) 
can be selected by the port mode register 
(PMRA: $004). 


The external interrupt request flags (IFO, IF 1) 
are set at the falling edge of INTo and INT: 
inputs (table 4). 


The INT; input can be used as a clock signal 
input to timer B. Then, timer B counts up at 





Table 1. Vector Addresses and Inter- 


rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET = $0000 
INTo 1 $0002 
INT; 2 $0004 
Timer A 3 $0006 . 
Timer B 4 $0008 oe 
Timer C 5 $OOOA 
SERIAL 6 $OOO0C 


Table 2. Conditions of Interrupt Service 





Interrupt Source 





Interrupt Control Bit INTo Timer A Timer B Timer C SERIAL 
I/E 1 1 1 1 1 1 
IFO - IMO 1 O O O O 0 
IF1 + IM1 * 4 Oo | ©) 0 ©) 
[FTA - IMTA ** * 1 0 ©) 0 
IFTB - IMTB * * 2k 1 0 @) 
IFTC + IMTC x “2 : 1 0) 
FS-IMS a , * le 
* Don't care 
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each falling edge of the INT; input. When 
using INT; as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT; will not be 
accepted (table 5). 


To detect the edge of INTo or INTi, it must 
need more than two instruction cycle times 
level (2tcyc/ZtsuBcyc). 


External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT: inputs, 
respectively (table 4). 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests 
(table 5). 


Timer A Interrupt Request Flag (IFTA: 
$001 bit 2): The timer A interrupt request 
flag is set by the overflow output of timer A 
(table 6). 


Timer A Interrupt Mask (IMTA: S001 bit 
3): Timer A interrupt mask prevents an 
interrupt request from being generated by 
timer A interrupt request flag (table 7). 


Instruction 
Cycles 


Instruction 
execution 


Stacking, 


Interrupt 
accepted 


Stacking, 
Reset of 1/E 


Vector address 
is generated 
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Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 8). 


Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B interrupt request flag (table 9). 


Timer C Interrupt Request Flag (IFTC: 
$002 bit 2): The timer C interrupt request 
flag is set by the overflow output of timer C 
(table 10). 


Timer C Interrupt Mask (IMTC: S002 bit 
3): The timer C interrupt mask prevents the 
interrupt from being generated by timer C 
interrupt request flag (table 11). 


Serial Interrupt Request Flag (IFS: $003 
bit 0): The serial interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter 
(table 12). 


Serial Interrupt Mask (IMS: $003 bit 1): 
The serial interrupt mask masks the interrupt 
request (table 13). 


JMPL instruction execution on the 
vector address 


Instruction 
execution at 
starting address 
of the interrupt 
routine 


Figure 7. Interrupt Servicing Sequence 
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Table 3. Interrupt Enable Flag 
Interrupt Enable Flag 


(1/E) Interrupt Enable/Disable 
0) Disable 
1 Enable 


Table 4. External Interrupt Request 
Flag 


External Interrupt Request Flags 


(IFO, 1F1) Interrupt Request 
0 No 
1 Yes 


Table 5. External Interrupt Mask 
External Interrupt Masks 


(IMO, IM1) Interrupt Request 
O Enable 
1 Disable (masks) 


Table 6. Timer A Interrupt Request 
Flag 


Timer A Interrupt 
Request Flag (IFTA) Interrupt Request 
O No 


1 Yes 


Table 7. Timer A Interrupt Mask 
Timer A Interrupt Mask 


Table 9. Timer B Interrupt Mask 
Timer B Interrupt Mask 


(IMTB) Interrupt Request 
0 Enable 
1 Disable (Mask) 


Table 10. Timer C Interrupt Request 
Flag 


Timer C Interrupt 
Request Flag (IFTC) Interrupt Request 
0 No 


1 Yes 


Table 11. Timer C Interrupt Mask 


Timer C Interrupt 
Mask (IMTC) Interrupt Request 
0 Enable 


1 Disable (mask) 


Table 12. Serial Interrupt Request Flag 


Serial Interrupt Request Flag Interrupt Request 
0 | No 
1 Yes 


Table 13. Serial Interrupt Mask 


Serial Interrupt Mask Interrupt Request 


(IMTA) Interrupt Request 0 Enable 
0 Enable 1 Disable (Mask) 
1 Disable (Mask) 
Table 8. Timer B Interrupt Request 

Flag 
Timer B Interrupt 
Request Flag (IFTB) Interrupt Request 
0) No 
1 Yes 
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Power 
ON 
No 
Yes 
Interrupt Yes 
Request 
Yes 
(A) | (C) 
Reset interrupt 
MCU Accept 








(/E- O 


Stack—(PC) 
Stack+(CA) 
Stack<(ST) 


PC-(PC)+1 


PC-$ 0002 
PC--§ 0004 
> No 
TIMER A 
PC--$ 0006 Interrupt 
; PC--$ 0008 _ 
PC<-$000A 
PC+--$ O00C 
(SERIAL Interrupt) 


Figure 8. Interrupt Servicing Flowchart 
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Serial Interface 


The serial interface transmits/receive 8-bit 
data in serial. This consists of the serial data 
register, the serial mode register, the port 
mode register A, the octal counter, and the 
multiplexer (figure 9). Pin ROo/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The data of the serial 
data register can be written in or read out by 
software. The data in the serial data register 
can be shifted synchronously with the trans- 
fer clock signal. 


The STS instruction starts serial interface 
operations and resets the octal counter to $0. 
The octal counter starts to count at the falling 
edge of the transfer clock (SCK) signal and 
increments by one at the rising edge of the 
SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter- 
rupt request flag will be set. 





Serial Mode Register (SMR: $005): The 4- 
bit write-only serial mode register controls 


Syst Foye 
z Prescaler (1 1bit) 


DBRRE 
~ 
‘I 


Serial MPX HEH. 


PMRA (4 bit) 


one Mode Port Mode 
v4 eg. 4 Reg. A 


Internal Bus Line (S2) I ee El 


SMR : bit) 


Port 


the ROo/SCK, prescaler divide ratio, and 
transfer clock source (table 14). 


The write signal to the serial mode register 
controls the internal state of the serial inter- 
face. 


The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane- 
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 


Data of the serial mode register will be 
changed from the second instruction of writ- 
ing into the serial mode register. Therefore, it 
is required to execute the STS instruction 
after the data in the serial mode register has 
been changed completely. The serial mode 
register will be reset to $0 by MCU reset. 


Serial Data Register (SRL: $006, SRU: 
$007): The 8-bit read/write serial data regis- 


OC (3 bit) 
Octal SROF JI is 
Counter 


Interrupt 
Request Flag 


of Serial Inter- 
ace 


Internal Bus Line (S1) 
4 


SR (8 bit) 


Serial Data Register ; 


Internal Bus line (S2) 


Port 


(A) si 





Figure 9. Serial Interface Block Diagram 
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ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 


The data in the serial data register will be 
output from the SO pin of LSB synchronously 
with the falling edge of the transfer clock 
signal. At the same time, external data will be 
input from the SI pin to the serial data regis- 
ter synchronously with the rising edge of the 
transfer clock. Figure 11 shows the I/O timing 
chart for the transfer clock signal and the 
data. 


The read/write operations of the serial data 
register should be performed after the com- 
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 


Selection and Change of the Operation 


Mode: Table 15 shows the serial interface 
operation modes which are determined by a 


Table 14. Serial Mode Register 
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combination of the value in the port mode 
register and that in the serial mode register. 


Initialize the serial interface by the write 
signal to the serial mode register in order to 
change the operation mode of the serial 
interface. 


Operating State of Serial Interface: The 
serial interface has three operating states: 
the STS waiting state, SCK waiting state, and 
transfer state (figure 12). 


The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by changing the operation mode 
through a change in the data in the port 
mode register, or by writing data into the 
serial mode register. In this state, the serial 
interface does not operate even if the transfer 














SMR3 ROo/SCK 
0 Used as ROo port input/output pin 
1 Used as SCK input/output pin 
Transfer Clock 
Prescaler System Clock 
SMR2 SMR1 SMRO ROo/SCK Port Clock Source Divide Ratio Divide Ratio 
O O O SC Prescaler + 2048 + 4096 
Output 
O O 1 SCK Prescaler + 512 + 1024 
Output 
O 1 O SC Prescaler + 128 + 256 
Output 
SCK ; ie 
O 1 1 Cutout Prescaler : 32 : 64 
SCK a 
1 O O Output Prescaler : 8 : 16 
SCK 
1 O 1 Output Prescaler 2 4 
SCK System = 
: Output Clock 
1 1 1 SCK External 
Input Clock 
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clock is applied. If an STS instruction is 
executed then, the serial interface shifts to 
SCK waiting state. 


In this state, the falling edge of the first 
transfer clock causes the serial interface shift 
to transfer state, while the octal counter 
counts-up and the serial data register shifts 


simultaneously. As an exception, if the clock 
continuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. 

The octal counter becomes 000 again by 8 
external transfer clocks or by execution of 
STS instruction, so that the serial interface 


‘returns to SCK waiting state, and the serial 





Table 15. Serial Interface Operation 


Mode 


Serial Interface 
SMR3 PMRA1PMRAO Operating Mode 


Clock Continuous 


: 0 0 Output Mode 
1 O 1 Transmit Mode 
1 1 O Receive Mode 


Transmit/Receive 
Mode 


PMRA : $004 


PMRA3 ;PMRA2 | PMRA1|PMRAO 





SMR : $005 


SMR3 | SMR2 | SMR1 | SMRO 
\ emerson ar URPTER, cenentsscmmeamcemcesionsasn! 


| Select transfer clocks 


Select ROop/SCK mode 


Selects RO,/SO pin mode 
Selects RO2/SI pin mode 


Figure 10. Configurations and the Functions of the Mode Registers 


Transfer 
Clock 


1 2 3 #4 +5 6 7 
Serial ’ ! ! ! ! ! | ' 
Output LSB 
Data | \ i | \ i i i 
Serial Input 


Data 
Latch Timing 





Figure 11. Serial Interface I/O Timing Chart 
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interrupt request flag is set simultaneously. 
In transfer state the octal counter becomes 
000 by 8 internal transfer clocks, so that the 
serial interface enters to STS instruction 
waiting state, and the serial interrupt request 
flag is set simultaneously. 
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When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stops 
after 8 clocks. 


Program the SMR again to initialize the 






SCK Waiting State 


(Octal Counter =O00) 





STS Waiting State 


tee Counter =O0O 
Transfer Clock Disable 


Transfer Clock 


8 External Transfer Clocks 
STS Instruction 


(IFS<—1) 









Transfer State 


(Octal Counter #000) 





Figure 12. Serial Interface Operation State 







Transfer Finished 
(IFS<1) 


Interrupt 
Disable 









Write to 
SMR 


Transfer Clock 
Error Processing 


Figure 13. Example of Transfer Clock Error Detection 
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internal state of the serial interface when the 
PMRA is programmed in the transfer state or 
in the SCK waiting state. Then the serial 
interface goes into the STS waiting state. 


Example of Transfer Clock Error Detec- 
tion: The serial interface malfunctions when 
the transfer clock is disturbed by external 
noises. In this case, transfer clock error can be 
detected by the procedure shown in figure 
13. 


If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts in the following sequence: 
first, transfer state, second, SCK waiting 
state, and third, transfer state again. The 
serial interrupt request flag should be reset 
before entering into the STS waiting state by 
writing data to SMR. This procedure causes 
the serial interface request flag to be set 
again. 


Timer 


The MCU provides prescalers S and B (Each 
prescaler has the different input clock source 
individually), and 3 timers/counters (timers 
A, B, and C). Figures 14, 15 shows their dia- 
grams. 


Prescaler S: The input to the prescaler Sis a 


Prescaler-W (5 bit) 


N 
py ~” 
of of 


Timer A MPX2 


32kHz (tsug ) 
Crystal 1/8 a 
oscillation fsus 


TMA (4 bit) 
Timer Mode Reg. A 


Timer A MPX, 


Prescaler-S (11 bit) 


System (toye) 
cyc 





system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except by MCU reset and 
in the stop and watch modes. The prescaler 
provides input clock signals of timer A-C and 
the transfer clock of the serial interface. They 
can be selected by the timer mode registers A 
(TMA), B (TMB), C (TMC), and the serial mode 
register (SMR), respectively. 


Prescaler W: The input to the prescaler W is 
a clock which devides X1 input clock into 8. 
The output of the prescaler W is available as 
an input clock for timer A by controlling the 
timer mode register (TMA). 


Timer A Operation: After timer A is initial- 
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A is counted up 
to $FF, timer A is set to $00 again, and 
generating overflow output. This leads to 
setting timer A interruput request flag (IFTA: 
$001, bit 2) to 1. Therefore, timer A can func- 
tion as an interval timer periodically generat- 
ing overflow output at every 256th clock 
signal input. 


To use timer A as a watch time base, set 
TMA3 to 1. The timer counter receives pres- 


ON: TMA3=1 


a 


TCA (8 bit) A 
a Timer Counter A IFT 


interrupt 
Request Flag 


ON: TMA3 =O of Timer A 


tsuBcyc = 1/fsus 
Toye = 1 [Toye 


Figure 14. Timer A Block Diagram 
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caler W output, and timer A generates inter- setting timer mode register A. 

rupts with an accurate timing (reference 

clock = 32kHz crystal oscillation). When you The clock input signals to timer A are 
use timer A as a watch time base, prescaler W selected by the timer mode register A (TMA: 
and timer counter can be initialized to $0 by $008). 


Internal Bus Line (S1) 


TMB (4bit) 


Timer Mode Reg. B TLB (4 bit) 


Timer Latch Reg. B 


TCB (8bit) 
Timer/Event Counter B 
Phe a ee ET Interrupt Request Flag 


TLR (8bit) of Timer B 
Timer Load Reg. B 


internal Bus Line (S2) 


Internal Bus Line (S1) 


PWMO 
TLC (4bit) 


Timer Latch Reg. C 


2s an 
Timer C MPX Tce (8bit) a oe 
Timer Counter C ' Interrupt Request 
Trt Mf Fag oF mer 


TCR (8bit) 


Timer Load Reg. C 
TMC (4 bit) ee ae 
Timer Mode Reg. C 


Pulse Width Modulation Out 





(Watch Dog) 


Internal Bus Line (S2) 


$020, 1 


(SET only) 





Figure 15. Timer B/Timer C Block Diagram 
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Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT: as INT: by 
the port mode register (PMR: $004) control to 
prevent an external interrupt request from 
occurring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 
reload function is selected timer B is initial- 
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 


Timer C Operation: The timer mode regis- 
ter C (TMC: $00D) selects the auto-reload 
function, and the prescaler divide ratio for 
timer C. 


Timer C is initialized according to the data 
written into the timer load register by soft- 
ware. Timer C counts up at every clock input 
signal. When the next clock signal is applied 
to timer C after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 


Tx (TCR+ 1) 


reload function is selected, timer C is initial- 
ized according to the value of the timer load 
register. If it is not selected, timer C goes to 
$00. The timer C interrupt request flag (IFTC: 
$002 bit 2) will be set at this overflow output. 


Timer C is also available as a watch dog timer 
for detecting a program out of sequence. An 
MCU reset occurs when the watch dog on 
flag (WDON) is 1 and the counter overflow 
output is generated by the program out of 
sequence. During timer C is stopped, the 
watchdog timer function is also stopped. In 
the standby mode, the function is enabled. 


Timer C provides the duty variable pulse 
output function (PWMO). The output 
waveform differs depending on the contents 
of the timer mode register and the timer load 
register C (figure 16). When you select pulse 
output function, set R3;/TIMO to TIMO by 
controlling the port mode register B. 

During timer C is stopped, this function is also 
stopped. 


Timer Mode Register A (TMA: S008): The 
timer mode register A is a 4-bit write only 
register which controls the timer A operation 
as table 16 shows. The timer mode register A 
is initialized to $0 at MCU reset. 


Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write- 


| T x (256—TCR) | 


Note: Always fixed to low when TCR=$FF. 





T: Input clock Period to couunter (Table 18) 


TCR: The value of the timer load register 


Figure 16. Variable Duty-Cycle Pulse Output Waveform 
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only register which selects the auto-reload 


function, the prescaler divide ratio, and the | 


source of the clock input signal, as shown in 
table 17. The timer mode register B is initial- 
ized to $0 by MCU reset. 


The data of timer B changes from the second 
instruction cycle of the timer mode register B 
is written to. Initialization of timer B by 
writing data into the timer load register 
should be performed after the contents of 
TMB are changed. 


Timer Mode Register C (TMC: SOOD): The 
timer mode register C is a 4-bit write only 


register which selects the auto-reload func- 


tion and prescaler divide ratio as table 18 
shows. The timer mode register C is initial- 
ized to $0 at MCU reset. 


Table 16. Timer Mode Register A 





TMA3 TMA2 TMA1 TMAO 

0 0 : 0 
1 

7 0 

1 

1 0 O 

1 

1 O 

1 

1 0 6) O 
1 

1 O 

1 

1 O 0 

1 

1 0 
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The contents of the timer mode register C can 
be changed from the second instruction cycle 
of writing into this. Therefore, it is required to 
initialize the timer C after the contents of the 
timer mode register C has been changed 
completely. 


Timer B (TCBL: SOOA, TCBU: SOOB, TLRL: 
S00A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has low-order digits (TCBL: $00A, TLRL: 
$00A) and high-order digits (TCBU: $0OOB, 
TLRU: $00B). (Refer to figure 15.) 


The timer/event counter can be initialized by 
writing data into the timer load register. In 


this case, write the low-order digits first, and 
then the high-order digits. The timer/event 


Source prescaler, input clock 
period, operation mode 


PSS, 2048 teyc Timer A mode 
PSS, 1024 teyc 
PSS, 512 teyc 


PSS, 1 28 Tcyc 


PSS, 32 teyc 
PSS, —_B teye 
PSS, 4 teye 
PSS, 2 teye 


PSW, 32 tsuBeyc Time base mode 
PSW, ~=16 tsuBcyc 
PSW, 8 tsuBcyc 
PSW, 2 tsuBcyc 


PSW, TCA reset 


Notes: 1. tsuBcyc = 244.14 ws (when 32.768 kHz crystal oscillation is used.) 
2. Timer counter overflow output cycle (s) = Input clock cycle(s) x 256 
3. LCD enters into halt mode when PSW/TCA reset is selected during LCD display (Power switch OFF). 
To display LCD continuously, PSW/TCA reset time must be minimized by programming. 
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counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digits first, and then 
the low-order digits. The count value of the 
low-order digit is obtained when the high- 
order digit is read. 


Table 17. Timer Mode Register B 


TMB3 Auto-reload Function 
O No 
1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 





Timer C (TCCL: SOOE, TCCU: SOOF, 
TCRL: SOOE, TCRU: SOOF): Timer C is con- 
sisted of the 8-bit write-only timer load reg- 
ister and the 8-bit read-only timer/counter. 
These are individually consisted of low-order 
digits (TCCL: $00E, TCRL: $00E) and high- 
order digits (TCCU: $00F, TCRU: $00F). The 
operation mode of timer C is the same as that 
of timer B. 


Table 18. Timer Mode Register C 


TIC3 Auto-reload Function 
O No 
1 Yes 


Prescaler Divide Ratio, 
TMC2 TMC1 TMCO Clock Input Source 


0 o oO + 2048 o oO 0 + 2048 
0 0 f° SAD o oO 1 + 1024 
0 1 0 *. 496 0 1 0 + 512 
0 1 1 & 39 0 1 1 + 128 
4. 0. 0 + g 1 0 0 - 32 
1 0 1 iS 4 1 0 1 7 8 
1 1 O - o. Z 1 1 O = 4 
1 1 1 INT; ee Event Input) 1 1 1 + 2 
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Input/Output 


The MCU provides 26 I/O pins and 4 input 
only pins including 10 high current pins (15 
mA max). 26 I/O pins contain pull-up MOS 
controllable by program. 


Table 19. I/O Pin Circuit Type 
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When every I/O is used as an input, the data 
control register (DCR) controls ON/OFF of the 
output buffer. Table 19 shows the I/O pin 
circuit type. 

The configuration of I/O buffers are shown in 
figure 19. 


Applicable 
1/O pins pins 


\/O common 
pins (with 
pull-up MOS) 


Pull-up control signal 


DCR 








Output 
pins (with 
pull-up MOS) 


Input signal 


Input signal 
Analog input 


Note: Refer to table 20, Note 3 about RO2/SO. 


Output data 


Output data 





Output data 


Input data 





Pull-up control signal 


SCK (internal) 


Pull-up control signal 


SO or TIMO 





Input data Dis 
D, ,/VCref 











D;2/COMPO 
D,3/COMP1 


Multiplexed 
with analog 


inputs 


Mode select pin 
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Port D: Port D is consisted of 10 1-bit I/O 
ports and 4 input ports. Ports Do-Dg are high 
current I/O ports (15 mA max). The sum of the 
current for all ports is up to 100mA. Port D can 
be set/reset by SED/RED and SEDD/REDD 
instructions, and can be tested by TD/TDD 
instructions. An output data is stored in the 
port data register. 


ON/OFF of the output buffer for port D can 
be controlled by the data control registers for 
port D (DCRB, DCRC, DCRD). The DCR is 
located on the memory address area. Pins 
Dio-Di13 are input only pins. 


Two operation modes are available to pins 
Diz and Di3: digital input mode and analog 
input mode. The operation modes can be 
selected by the port mode register (PMRB; 
bits 1, 0). In the digital input mode, these pins 
can be used as input with the same charac- 
teristics as other I/O pins. In the analog input 
mode, users can read the result of the com- 
parison between the reference voltage as an 
input data. The reference voltage is input by 
Dy/VCref. 


Port R: Port R, consisted of 16 4-bit I/O ports, 
can receive/transmit data by LAR/LRA and 
LBR/LRB instructions. An output data is 
stored in data register (PDR) of each pin. 









Internal bus 


Mode 
- register 


ON/OFF of the output buffer for port R can be 
controlled by the data control registers for 
port R (DCRO-DCR3). 


The DCR is located on the memory address 
area. 


Pins ROo,RO:, ROz2 are multiplexed with SCK, 
SI, SO, respectively. 


Pins R31, R32, R33 are multiplexed with TIMO, 
INTo, INT:, respectively. Refer to figure 18. 








Controlling the pull-up MOS: All 1/O ports, 
except for pins Dio-Di3, contain pull-up MOS 
controllable by program. 


Bit 3 of the port mode register B (PMRB3) 
controls ON/OFF of all pull-up MOS simulta- 
neously. Pull-up MOS is controlled by the port 
data register (PDR) of each pin. Therefore, 
each bit of pull-up MOS can be individually 
ON and OFF. Refer to table 20. 


Unused I/O Pins: If unused pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent this; pull-up with Vcc through 
internal pull-up MOS, or pull-up with Vcc 
through a resistor 100kQO approx. 


Comparator 





Figure 17. Configuration of Diz, Dis 
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SMR (Serial Mode Reg.) ADR=$005 





RO /SCK pin mode selection 


PMRA (Port Mode Reg. A) ADR=$004 


RO2/SO pin mode selection 
RO,/SI pin mode selection 


R32/INTo pin mode selection 





R33/INT, pin mode selection 


PMRB (Port Mode Reg. B) ADR=$012 


D12/COMPO pin mode selection 
D,3/COMP1 pin mode selection 
R3,/TIMO pin mode selection 

Pull up MOS ON/OFF selection 





| SMR_| Pore 


Select 


0 ROo 
1 SCK 








PMRA Port Port 
fee fee Select Select 






















Pull up roo Ene ne. 2) sport PMRS | Port 
ON/OFF | bit2 Select bea Select Select 
re a Dis | Oo | Dn | 


Figure 18. I/O Select Mode Register 
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Table 20. Input/Output by Program Control 
PRMB; bit 3 0 1 
DCR 0 1 0 1 





PDR 0 1 0 1 6) 1 0 1 
PMOS (A) = = = ON = a = ON 
NMOS (B) = oc ON ad i = ON a 
Pull-up MOS = - _ — - ON _ ON 


Notes: 1. —: OFF 
2. Combine the values of the mode registers above (PMRB3, DCR, PDR) to select input/output for PMOS (A), 
NMOS (B), and the pull-up MOS individually. 
The DCR and the PDR control each pin. And the PMRB3 controls ON/OFF of all pull-ups. 
3. The second bit of the miscellaneone register (MIS2) controls RO2/SO. When MIS2 is 1, PMOS 


(A) is OFF. 

RO2/SO 
MIS2 PMOS (A) 
0 ON 
1 OFF 


4. Correspondence between DCR’s and pins are shown below: 











V 
tg PMRB3 
Pull-up bide 
MOS PMOS (A) 
1kQ.Approx 
DCR 
NMOS (B) 
PDR 
Input Data 


Input Signal | 
Figure 19. Configuration of the Input/Output Buffer 
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Reset two instruction cycles of RESET input are 
required for the MCU reset. 

Bringing the RESET pin high resets the MCU. 

At power-on, or when obtaining the stabl- Table 21 shows the parts initialized by MCU 

ization time for oscillator, apply the RESET reset, and the status of each. 

input for at least trc. In all other cases, at least 


Table 21. Initial Value After MCU Reset 


Initial value 


items by MCU reset Contents 
Program Counter (PC) $0000 Execute program from the top of the 


ROM address. 


Status (ST) 1 Enable to branch with conditional 
branch instructions 








Stack Pointer (SP) S3FF Stack level is O 
Register V (Bank Register) (V) 0 Bank O (Memory) 
Interrupt Interrupt Enable Flag (I/E) O Inhibit all interrupts 
Flag/Mask Interrupt Request Flag (IF) 0 No interrupt request 
Interrupt Mask (IM) 1 Masks interrupt request 
1/0 Port Data Register (PDR) All bits are 1 Enable to transmit high 
Data Control Register (DCR) All bits are O Output buffer is OFF (high impedance) 
Port Mode Register A (PMRA) 0000 See port mode register A i 
Port Mode Register B (PMRB) 0000 See port mode register B 
Timer/Counter | Timer Mode Register A (TMA) 0000 See timer mode register A 
Serial Interface Timer Mode Register B (TMB) 0000 See timer mode register B 
Timer Mode Register C (TMC) 0000 See timer mode register C 
Serial Mode Register (SMR) 0000 See serial mode register 
Prescaler S $000 — 
Prescaler W $00 3 
Timer Counter A (TCA) $00 SS 
Timer Counter B (TCB) $00 ae — 
Timer Counter C (TCC) $00 == oe 
Timer Load Register B (TLR) _ $00 —= 
Timer Load Register C (TCR) $00 ee 
Octal Counter 000 == 
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Table 21. Initial Value After MCU Reset (Cont) 


items 


Initial value 
by MCU reset 


LCD LCD Control Register (LCR) 000 


LCD Mode Register (LMR) 0000 


DTMF Generator Tone Generator Control Register (TGC) 000 


Tone Generator Mode Register (TGM) OOOO 


Bit Register Low Speed On Flag (LSON) 0) 


Watch Dog Timer ON Flag (WDON) O 


Tone Generator Speed Flag (TGSP) O 


Miscelaneous Register 


item 

Carry 

Accumulator 
Register B 

Register W 
Registers X/SPX 
Registers Y/SPY 
Serial Data Register 


RAM 


(MIS) 


(CA) 

(A) 

(B) 

(W) 
(X/SPX) 
(Y/SPY) 
(SR) 


_ 000 


After recovering from STOP 
mode by MCU reset 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 


The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 
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Contents 

See LCD control register 

See LCD duty/clock control 

See tone generator control register 
See generator mode register 

See low power dissipation mode 
See timer C 


See DTMF generation circuit 


After MCU reset except for 
the left condition 


The contents of the items before 
MCU reset are not retained. 

— Itis necessary to initialize them by 
software. 


Same as above 
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Internal Oscillator Circuit OSC2. 32.768 kHz crystal oscillator can be 
connected to X1, X2. External clock operation 
Figure 20 gives an internal oscillator circuit. is available to the system oscillator. 


Ceramic filter can be connected to OSCi:- 


osc 1 


Divider Timing 
oe generator Mode System clock 
oscillator circuit Contre (dcpu) 

eee G) circuit 


X1 Sub-sys- f Divider Timin f 
oil tem x circuit generator 7 System clock 
x2 oscillator 1/8 Circuit (dren) 


Time base 
clock (¢c.x) 


System 





Figure 20. Internal Oscillator Circuit 


Ty] 


Figure 21. Layout of Crystal and Ceramic Filter 
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Table 22. Examples of Oscillator Circuit 


re Circuit Configuration Circuit Constants 


Oscillator 


External clock Operation 


Open OSC, 


Ceramic filter: CSB400P 
(Murata) 

Rr=1 MQ + 20% 
C,;=C2=220 pF + 5% 
Ceramic filter: CSB800J 
(Murata) 

Rr=1 MQ + 20% 
C,=C2=220 pF + 5% 


Ceramic filter oscillator 


Crystal: 32.768kHz: MX38T 
x1 (Nippon Denpa Kogyo) 
Rs=14k 
Crystal aq R; Co=1.5 pF 
C,=6 pF + 20% 
C2=20 pF + 20% 


Crystal oscillator 





Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are the one recom- 
mended by crystal or ceramic filter maker. The circuit parameters are changed by crystal, 
ceramic filter resonator and the floated capacitance in designing the board. In employing the 
resonator, please consult with the engineers of crystal or ceramic filter maker to determine the 
circuit parameter. 

2. Wiring among OSC:i, OSC2 (X1, X2) and elements should be as short as possible, and never 
cross the other wirings. Refer to figure 21. 

3. When the crystal (32.768 kHz) is not used, the X1 pin must be fixed to Vcc and the X2 pin 
must be opened. 
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Liquid Crystal Display (LCD) 


The MCU contains 4 common signal pins, the 
controller, and the driver. The controller and 
the driver drive 32 segment signal pins. The 
controller is consisted of dispaly data RAM, 
the LCD control register (LCR), and the duty/ 
clock control register (LMR) (figure 22). 

4 kinds of duties and the LCD clocks are 
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available by program control. And the MCU 
contains the dual port RAM. Thus displayed 
data can be transferred to segment signal 
pins automatically without program control. 
When you select 32kHz oscillation clock as a 
LCD clock source, the system allows the LCD 
display even in the watch mode in which the 
system clock halts. 





Vec e 


Power Switch 

Vi9 
bf 
cre 
sob t 







LCD 
Power 

Supply 
Control 
Circuit 






Display ON/OFF 


1 


2 
Display 
Control $050 
Register 
LCR $013 Display 
Area 
Dual Port 
RAM 
LMR $014 SO6F 
Duty/LCD 
clock cont- 
rol register 







RAM area 


LCD: Liquid Crystal Display 




























Duty Selection 


~ Clock Selection 







LCD 
Common 
Driver 


LCD 
Segment 
driver — 


; SEG32 


3 System Clock Dividing 
Output (CL1—CL3) 
32kHz Clock Dividing 
Output (CLO) 





Figure 22. LCD Driver Configuration 
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LCD Data Area and Segment Data ($050- 
SOG6GF): Figure 23 shows a configuration of 
LCD RAM area. Each bit of this area, corre- 
sponds to 4 types of duties, can be transmit- 
ted to segment as a display data by pro- 
gramming the area corresponding to the 
duty. 


LCD Control Register (LCR: $013): The 
LCD control register is a 3-bit write only reg- 
ister which controls the blanking of the LCD, 
ON/OFF of the power switch and the display 
in the watch mode/subactive mode (table 
23). 


- Blank/Display 
Blank: Segment signal is faden irrespective 
of the LCD RAM data. 
Display: LCD RAM data is transmitted as a 


bit 3 bit 
80|SEG 1)}SEG 
81 
82 
83 
84 
85 
86 
87 
88 
89 


2 
93 SEG 14 $05D 


94])SEG 15} SEG 15) SEG 15} SEG 15] S$O5E 


COM4 COM3 COM2 COM 1 


2 bit 





segment signal. 


- Power Switch ON/OFF 
OFF: Power switch is off. 
ON: Power switch is on, and V; is Vcc. 


- Watch Mode/Subactive mode Display 
OFF: In the watch mode/subactive mode, 
all common/segment pins are fixed to GND. 
And power switch is off. 

ON: In the watch mode/subactive mode, 
LCD RAM data is transmitted as a segment 
signal. 


LCD Duty/Clock Control Register (LMR: 
$014): The LCD duty/clock control register is 
a write only register which specifies 4 kinds 
of display duties and reference clock for LCD 
(table 24). 


bit 3 bit 


2. bit 1 bit O 


101| SEG 22 $065 
109 | SEG 30| SEG 30 
110| SEG 31 | SEG - 


SEG 30 | SEG 30 | $06D 
SEG 31 | SEG 31 | SEG 31 


COM4 COM3 COM2 COM 1 





Figure 23. Configuration of LCD RAM Area 
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Table 23. LCD Control Register 


LCR Watch Mode/Sub- LCR Power Switch LCR Blank 
————-_ Active Mode a oar aera 

bit 2 Display bit 1 ON/OFF bit O /Display 
0 OFF 0 OFF 0 Blank 

1 ON 1 ON 1 Display 


Note: In case of LCD in the watch mode, use divider output of 32kHz oscillator as an LCD clock and 
set LCR bit2 to 1. When system oscillator divider output is used as an LCD clock, set LCD bit2 
to O. 


Table 24. LCD Duty/Clock Control Register 


LMR 

bit 3 bit 2 bit 1 bit 0 Duty Select/Input Clock Select 
0 0 1/4 Duty 
0 1 1/3 Duty — _ 
1 0 1/2 Duty ; ad 
1 1 Static 

0 6) CLO (32.768kHz/64; when 32.768kHz oscillator is used) 

0 1 cli (feyc/256) 

1 0 CL2 (feyc/2048) 

1 1 CL3 (Refer to table 25.) 


Note: fcyc is a system oscillator divider output. 






CR (LCD Control Reg.) ADR=$013 










Blank/Display 
Power Switch ON/OFF 

Display ON/OFF at Watch Mode 
(Not Used) 











LMR (LCD Mode Reg.) ADR=$014 





\ Duty selection 


\ Input clock selection 





Figure 24. LCD Control Register 
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Table 25. LCD Frame Frequency 


Static 


Duty 








bit 3 
1 O 
CL2 





Instruction 


Cycle Time 
10us 512Hz 390.6Hz 48 .8Hz 
Duty 1/2 Duty 


bit 3 bit 2 
1 1 
CL3 * 


24.4Hz/64Hz 


48.8Hz/64Hz 















bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 


1 0 
CL2 












CLO CL1 
Instruction 


Cycle Time 





1/3 Duty 

















bit 3 bit 2 
0 0 
CLO 


bit 3 bit 2 
O 1 

CL1 
Instruction 
Cycle Time 


10us 170.6Hz 130.2Hz 16.3Hz 
5 us 170.6Hz 260.4Hz 32.6Hz 
Duty 1/4 Duty 
LMR bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 O 1 1 0 
CLO CL1 CL2 
Instruction 
Cycle Time 
10us 128Hz 97.7Hz 12.2Hz 
5us 128Hz 195.4Hz 24.4Hz 














bit 3 bit 2 
1 1 
CL3 * 


12.2H2/32Hz 
24.4Hz/32Hz 


bit 3 bit 2 
1 1 
CL3 * 


8.1Hz/21.3Hz 





16.2H2/21.3Hz 


bit 3 bit 2 
1 1 
CL3 * 
6.1Hz/16Hz 


12.2Hz/16Hz 


* Division ratio differs depending on the value of bit 3 of the timer mode register (TMA3). 


(TMA3 = O/TMA3 = 1) 


TMA3=0 —_—CL3=fieyc/4096 
TMA3= 1 CL3=32.768 kHz/512 
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Large LCD Panel Driving and Driving 
Voltage (Vicp): When using the large LCD 
panel, lower the dividing resistance by im- 
plementing the external resisters parallel to 
the internal dividing resistors (See the fol- 
lowing figure). 


Since the liquid crystal display board is of 
matrix configuration, the path of the charge/ 
discharge current through the load 
capacitors is very complicated. Moreover, as it 





Vec=Vicp 2GND 
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varies depending on display condition, a val- 
ue of resistance cannot be simply determined 
by referring to the load capacitance of liquid 
crystal display. A value of resistance must be 
experimentally determined according to the 
demand for power consumption of the 
equipment in which the liquid crystal display 
is implemented. 

Capacitor C (0.1 to 0.3 wF) is recommended to 
be attached. In general, R is 1 kM to 10 kOQ. 


C=0.1-—0.3 uF 


i—) With 4-digit 


- LI. with signal 


_! 8-digit LCD 


1/4 Duty, 1/3 Bias Drive 


Figure 25. An Example of LCD Connection 
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The following figure shows a connection 
when changing the liquid crystal driving 
voltage (Vicp). In this case, power supply 
switch for dividing resistor (power switch) 
should be turned OFF (Bit 1 of the LCR regis- 
ter is 0). 


DTMF Generation Circuit 


The MCU provides a dual tone multi-fre- 
quency (DTMF) generation circuit. 


The DTMF signal consists of two sine waves 
to access the switching system. 


Figure 26 shows DTMF keypad and fre- 
quencies. Press one of the keys to generate 
tones which corresponds to each frequencies. 
Figure 27 shows a block diagram of DTMF 
circuit. 


The MCU uses oscillation frequency reduced 
to 400kHz, a eighth of convensional one, to 
realize a low power consumption. In this case, 
the problem is a frequency deviation. The 
MCU provides transformed programmable 
dividers in addition to sine wave counters 


R1(697Hz) 


R2(770Hz) 


R3(852Hz) 


R4(941 Hz) 


(1,477Hz)C3 
(1,633Hz)C4 





Figure 26. DTMF Keypad and Fre- 


quencies 





and a control register to reduce a frequency 
deviation. 


The DTMF generation circuit is controlled by 
the following three registers. 


Tone Generator Mode Register (TGM: 
$010): The TGM register is a 4-bit write-only 
register which controls output frequencies 
(table 26), and is cleared to $0 at MCU reset. 


Tone Generator Control Register (TGC: 
$011): The TGC register is a 3-bit write-only 
register which controls start/stop of DTMF 
signal output (table 27), and is cleared to $0 
at MCU reset. 


Tone Generator Speed Flag (TGSP: $020, 
2): The TGSP flag is a 1-bit register which can 
be set/reset by SEM/REM and SEMD/REMD 
instruction. The DTMF generation circuit 
generates output frequencies as table 26 
shows when 400kHz clock is selected. When 
800kHz clock is selected, the DTMF genera- 
tion circuit generates equivalent frequencies 
by pulling TGSP flag high. 


400kHz (Selected at TGSP reset) 


Transforme ine Wave 
Programmable Counter 
Divider i D—A 


Feed back 


DTMF 
Register 


Transformed Sine Wave 
Programmable Counter 
Divider = 


Feed back 


Figure 27. Block Diagram of DTMF 


Circuit 
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Table 26. Tone Generator Mode Register 











TGM 
bit 3 bit 2 bit 1 bit O Output Frequencies 
Option 0 O fai(: 697Hz) Output through 
(TONER output O 1 fra(: 770Hz) TONER pin 
is not affected) 1 0) fr3(: 852Hz) 
1 1 fra(: 941 Hz) 
0 0 Option fe1(: 1,209Hz) Output through 
0 1 (TONEC output fo2(:  1,336Hz) TONEC pin 
1 O is not affected) fo3(:  1,477Hz) _ 
1 1 a foal: 1,633Hz) 


Table 27. Tone Generator Control Register 


TGC1 DTMF Enable Bit 

O DTMF Disable 

1 DTMF Enable 

TGC2 TONER Output Control (Row) 

0 Stop 

1 TONER Output (Active) 

TGC3 TONEC Output Control (Column) 
O Stop 

1 TONEC Output (Active) 
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DTMF Output: The sine waves of row-group 
and high-group are individually converted 
from digital to analog in the D/A conversion 
circuit which provides high precision ladder 
resistance. The DTMF output pins (TONER, 
TONEC) transmits the sine waves of row- 
group and high-group, respectively. Figure 28 


shows the TONE output equivalent circuit. 
Figure 29 shows the output waveform. One 
cycle of this wave consists of 32 slots. There- 
fore, the output waveform is stable with little 
distoration. And table 28 details the fre- 
quency deviation of the MCU from standard 
DTMF signals. 





Table 28. Frequency Deviation of the MCU from Standard 


Standard DTMF (Hz) MCU (Hz) 
R1 697 694.44 
R2 770 769.23 
R3 852 851.06 
R4 941 938.97 

C1 1,209 1,212.12 
C2 1,336 1,333.33 
C3 1,477 1,481.48 
C4 1,633 1,639.34 


Deviation from Standard (%) 
-0.37 
—0.10 
-O0.11 
=O.22 
0.26 
-0.20 
0.30 
0.39 


Switch Control 





Figure 28. Tone Output Equivalent Circuit 


ee ee 


12 3.4 5 6 7 8 9 10 11121314 1516 1741819 202122 232425 2627 2829 3031 3 
tl Pe Do nae) abe Pod 





Figure 29. Waveform of Tone Output 
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Operating Modes 
Low Power Dissipation Mode 


The MCU has five low power dissipation 
modes. 


Active Mode: In the active mode, the MCU 
operates through clocks generated in the 
oscillator circuits: OSC: and OSC2. 


Standby mode: Execute SBY instruction to 
put the MCU into the standby mode from the 
active mode. In standby mode, the oscillator 
circuit is active and interrupts, timer/counter, 
and the serial interface working. On the other 
hand, the CPU stops since the clock related to 
the instruction execution stops. Registers, 
RAM, and I/O pins retain the states they 


were in just before the MCU went into 
standby mode. 


Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 after instruction 
execution, the interrupt is executed, while if 
it is 0, the interrupt request is put on hold and 
normal instruction execution continues. In 
the later case, the MCU becomes active and 
executes the next instruction following the 
SBY instruction. (figure 31) 


Figuer 31 shows the flowchart of the standby 
mode. 





Table 29. Low Power Dissipation Mode Function 


Condition 


Instruction Peripheral Clock 


Operating Activated System Sub-system execution interrupt 





Mode by oscillator oscillator (¢cPu) (dpER) 
Active RESET Active Active Active 
mode release 

Interrupt 

request 
Standby SBY Active Active Stop 
mode instruction 
Stop TMA3=0O, Stop Active! Stop Stop 
mode Stop 

instruction 
Watch TMA3=1, Stop Active Stop Stop 
mode Stop 


instruction 


Sub-active* INTo from Stop Active 
mode watch 

mode or 

Timer A 

interrupt 


request 


Notes: 


Active 


Active 


Active Stop 


interrupt Register/ 


(dcLk) RAM Flag 1/O Rleased by 
Active Active Active Active? RESET input 
STOP/SBY 
instruction 
Active Hold Hold Hold RESET input 
Interrupt 
request 
Stop Hold Reset FHligh RESET input 
impedance? 
Active2 Hold Hold Hold? Reset input 
INTo or Time 
A interrupt 
request 
Active2 Active Hold/ Active? RESET input 
Active STOP/SBY 
instruction 


. When you minimize the Icc, stop the oscillation by external circuit. 
Refer to interrupt frame section for details. 


Sub-active mode is a functional option specified via function option list. 
On using watch mode or Sub-active mode, 32.768 kHz Crystal oscillator is essential for 


1 
2. 
3. Refer to table 30. 
4. 
5 


MCU. 
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Table 30. I/O State in the Low Power Dissipation Mode 


Output Input 
Standby mode, Stop mode Active mode, 
Watch mode Sub-active 
Do-Dg Retained High Input enable 
impedance 
D10-Di3 Input enable 
RO-R3 Retained High Input enable 
impedance 


Table 31. Operations in the low power dissipation mode 


Stop Watch | Standby Sub-active 
mode |mod Lee 
oem Hold 
ret me a 
Active/ 
Ly 
Stop 


Notes: 1. Output pins are in the high impedance state. 
2. ZZ. in operation 
. Sub-active mode is a functional option specified via functional option list. 
. When a clock is input in the external clock mode, transmit-receive operation is performed 
(Interrup processing stops). 


3 
=) 


VE \ 


N 


YZ Stop 


4 Stop 


wad 
WN 


A, Stop* 


LEG, 


Stop Z 
Stop UY 


\ 


NN 


PIERRE 


@ 
+ 





WW 
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Standby Mode Active Mode Stop Mode 
| TMA3 (TMA3 =O) 
| 
Oscillate | SBY (Standby) ! Oscillate | STOP Stop 
Oscillate Oscillate Oscillate 
Stop | fee Stop 
i | Interrupt | Foye | Stop 
Foye | (Timer A, B, C\ | foye | Stop 
| | SERIAL l | 
| INTo, INT; | (TMA3 =0) | 
| | | 
| | | 
| | 
| | | 
| | | 
Oscillate | SBY (Standby) | Oscillate | STOP Stop 
Oscillate ) Oscillate | ae Oscillate 
Sto f O> 
e | Interrupt | ae | Timer A*!' | Stop 
fsus a fsus fsus 
ove | {Timer A, B, C\ , fove | Stop 
1]SERIAL _ | | 
INTo, INT 
a ad. STOP/ 
to oe tks ee Fee ee ate 7 SBY 
| fosc : Main Oscillator 
! fx : Sub ae ! Sub Active Mode STOP 
ee cia ! oe 
\ iy ! Stop Timer A*! Stop 
SUB 7 IX Oscillate Oscillate 
\ScPu 7 System Clock : feua Stop 
'®CLK = : Clock for Time-Base fie STOP/SBY fsup 
OPER => : Clock for other Stop Stop 
Peripheral Function ' 
i LSON : Low Speed Flag ! 


*1) Time-base interrupt 


Pcpu- 
Active Stop 
PER | Active Active mode Standby mode 
Stop Sub-active mode Watch mode (TMA3=1) 


Stop mode (TMA3 =O) 


Notes:1. ?peR is a clock for peripheral functions other than time base. 
2. dcpy is a system clock. 


Figure 30. MCU Operation Mode Transfer 
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SBY | WATCH 


Oscillator Stop 
Sub Oscillator Active 


Oscillator Active 

Peripheral Clocks 
Active 

All Other Clocks 

Stop 


Peripheral clocks Stop 
All Other Clocks Stop 







No 





(SBY only) 





(SBY only) 





Restart Restart | 
Processor Clocks Processor Clocks 


Execute 
Next Instruction 
(Active Mode) 


] Yes 
Execute Interrupt 


Figure 31. MCU Operating Flowchart 


Oo 


N 
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Stop Mode: Execute STOP instruction to put 
the MCU into the stop mode when the MCU is 
in the active mode and TMAS is 0. In the stop 
mode, oscillator circuit and every function of 
the MCU stops. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 32, 
reset input must be applied at least to trc to 
stabilize oscillation (Refer to AC Characteris- 
tics table). After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, 
register B, register W, registers X/SPX and Y/ 
SPY, and carry may not retain contents. 


Watch Mode: The MCU enters Watch mode 
by the STOP instruction during Active mode 
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and TMA3=1 or by the STOP or SBY instruc- 
tion during Sub Active mode. Watch mode 
can be canceled by the RESET input or timer 
A/INTo interrupt request. For a detailed 
description of the RESET input in canceling 
mode, see Stop mode section. If Watch mode 
is canceled by the timer A/INTpo interrupt 
request, the MCU enters either Active mode 
or Sub Active mode depending on the state of 
the LSON bit. When the MCU enters Active 
mode, the interrupt request is delayed for a 
half of the interrupt frame period (trc) in 
order to wait stabilization of the system 
oscillation (figure 33). In this case, MCU 
operation is the same as that when canceling 
Standby mode (figure 31). 








Sub-active Mode: In the sub-active mode, 


| Stop mode | 
TT 


Internal clock a 
RESET — f 


oseivator [TM 


je. + 


STOP instruction execution (more than stabilization time: trc) 





Figure 32. Timing Chart of Recovering from Stop Mode 


Oscillation 


stabilization 


Active mode time Active mode 


Watch mode 


Interrupt 
strobe 


Interrupt 
request 
generation 


(only in 
entering 
Active mode) 


T=2 Xtrc: Interrupt frame period 





Figure 33. Interrupt Frame 
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the MCU operates with the clock generated 
in the oscillator circuit; X1-X2. Timer A/INTo 
interrupt is generated in this mode with the 
timing synchronous with the interrupt frame 
timing. 





Note that sub-active mode is a functional 
option. Therefore, sub-active is available for 
the devices provided with this option. 


Interrupt Frame: In Watch mode and Sub- 
Active mode, the time-base clock (¢c 1x) is 
applied to timer A and the INTp circuit. Pres- 
caler W and timer A operates as the time- 
base and generate the timing clock for the 
interrupt frame. The interrupt frame period 
(T) depends on the state of the miscellaneous 
register as shown in figure 34. 





In Watch mode and Sub Active mode, the 


MIS: $00C 


>| se | ms | so 
MiIS2 MIS1 MISO 
Ve | 


} trc selection 





Refer to Table 20 


timer A/INTo interrupt occurs synchronously 
with the interrupt strobe timing clock. When 
the MCU wakes up to Active mode from 
Watch mode, the interrupt request is delayed 
for a half of interrupt frame period (trc). The 
falling edge of INTo, which is input regardless 
of the interrupt frame clock cycle, is equiva- 
lent to that synchronous with the interrupt 
strobe clock just after the falling edge. During 
oscillation stabilization (trc) the falling edge 
of INTo is not recognized. An overflow and 
interrupt request in timer A _ occurs 
synchronously with the interrupt strobe 
clock. 








Limitation on Use 
Please pay attention to the following items. 


When MCU goes from watch mode to active 


Oscillation circuit 
400/800 kHz 
ceramic filter 

NotUsed | 


The value of trc is applied only 
when using 32.768 kHz oscillator. 





Figure 34. Miscellaneous Register 


Active mode 


Watch mode 


Oscillation 


stabillzation time Active mode 


— ne 


IFTA 
(Timer A int. Flag) 


INTo input 
INTo 
(Internal signal) 


IFO 
(External int. Flag) 








Figure 35. INTo Detect Timing 
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mode by timer A interrupt request under the 
following conditions, the timer A interrupt 
request flag (IFTA) and also the external 
interrupt request flag (IFO) will be set. 


(1) MCU goes from active mode to watch 
mode in INT» low state. 

(2) INT is low state during watch mode. 

(3) MCU goes from watch mode to active 
mode by timer A interrupt in INTo low 
state. 











Interrupt flag will be set by falling edge of 
INTo input signal and will not be set without 
this edge in regular case. However the inter- 
nal INTp signal is initialized during 1st tcyc 
after the MCU transition from watch mode to 
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active mode by timer A interrupt, therefore 
the falling edge will be generated internally 
with INTo low state during this 1st tcyc. This 
edge will cause to set IFO. (figure 35) 





The INTo input must be high if MCU goes from 
watch mode to active mode by the timer A 
interrupt. 


MCU Operating Sequence 


The MCU operates accoriding to the flow- 
chart shown in figures 36 to 38. 


Note that RESET input is asynchronous. 


Therefore, the MCU is reset immediately after 
the RESET input supply. 


Operation 


Figure 36. MCU Operating Sequence (Power ON) 
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MCU Operation 
Cycle 


Instruction 
Execution 


SBY/STOP /E-O 
instruction Stack<—(PC),(CA),(ST) 


Low Power Mode [ 
Operation PC<Next PC<Vector 
location address 





IF: Interrupt Request Flag 
IM: Interrupt Mask 

1/E: Interrupt Enable Flag 
PC: Program Counter 
CA: Carry 

ST: Status 






Figure 37. MCU Operating Sequence (MCU Operation Cycle) 
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Low Power Mode 
Operation Cycle 


SBY/WATCH 
sa STOP mode 


Hardware NOP 


Hardware NOP 
Execution 


Execution 


PC<Next 


PC<Next 
location 


location 


Instruction 
Execution 


* : For the kind of IF and IM, 
sae me see figure 31 MCU Operating 
Flowchart. : 


Figure 38. MCU Operating Sequence (Low Power Mode Operation) 
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Pin Description in PROM Mode 


The HD4074608 is a ZTAT microcomputer 


incorporating PROM. In the PROM mode, the 


MCU does not operate and the HD4074608 


can program the on-chip PROM. 











1/0 


I/O 
1/0 
1/0 
1/0 
1/0 
/O 





























Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode 
FP-80B FP-80A Pin Name Pin Name 1/O FP-80B FP-80A Pin Name 1/O Pin Name _ I/O 

1 79 —~—Dp O> /O 41 39  #SEGY O 

2 80 D3 03 /O 42 40  #SEGIO O a 
31 Da On /O 43 41 SEGI1 OO | 
4 2 Ds Os 0 44 42  #SEG12 O 

5 3 De O6 /O 45 43  #£SEG13 eo... 
6 4 D7 O7 /O 46 44 °#SEG14 O..7 
7 5 Ds ‘ 47. 45  SEGI5 oO. ©. i 
8 6 Do 48 46 SEGI6 OO OO 
9 7 Dio Vpp ~  4Q9OAT~~~”:«CSEG 17 oe 

10. 8 D44/VCret Ag | 50 48 SEGi8 OO ©. 
11. Q D12/COMPO MO | 51 49 SEGI9 O} .| 7. 
12. 10  D43/COMP1 Mi l 52 50 #£SEG20 O | —— 
13.11 ~+&2XTEST TEST | 53 51 #4SEG21. #O i 
14 #12 Xt! GND 54 52 SEG22. #£«O 

15 13 X2 “55 53  SEG23 O _ 7 
16 14  #4GND GND 56 54  SEG24 O _ 
17. 15. ROo/SCK Ay | 57 55  SEG25 O70 
18 16 R0,/SI Ao a 58 56 SEG26 O a 
19 17 ROQ2/SO A3 l 59 57  SEG27 O.. 7 
20 18 R03 Aa | 60 58 SEG28 0. ©. 
21. 19 Rio As | 61 59  SEG29 O77 
22 20 Ri; As ‘62 60  SEG30 oO. 

23. -21~=S Rie Az | 63 461  #SEG31 oOo —— 
24 22 Riz As | 64 62  SEG32 O 1 
25 23 R2 Ao | 65 63 COMI O-.| 
26 24 ~~ #R2, Aso | 66 64 COM2 O ee 
27 25 R22 Ani | 67 65  COM3 ot 
28 26 R23 Ai? 68 66 COM4 O _ 

29 27  +#R3o Ai3 | 69° 7 Ne. 
30 28 R3,/TIMO Ais 70 68 VW, Oo 
31 29 — R32/INTo CE | 71 69 V3 Vec 

32. 30 R33/INT; OE | 72 70 TONEC O i 
33. 31  +#£SEG1 73.71 ~~ +TONER O 7 
34 32 SEG2 74. 72) Weer Veo!” _ 
35 33 SEG3 75 73 Vc Vec | 

36 34 #£SEG4 | 76 74 #&OSC; Vec — 
37. 35 SEG5 77. 75 + + OSC O 

38 36 SEG6 78 76 RESET l RESET i 
39 37  SEG7 79 #77 + + # Do /0 Oo 1/0 

40 38 #SEG8 80 78 Dy /O Or; 1/0 


Note: 1/0: Input/output pin, |: Input pin, O: Output pin . 
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Vpp Ao-A14 

Apply the programming voltage (12.5V + Ao-Ai4 are address input pins of the internal 
0.3V) to Vpp. PROM. 

CE Oo-O7 

Program the internal PROM and input the Oo-O7 are data bus I/O pins of the internal 
control signal to enable verify. PROM. 

OE Mo, Mi 

Input the data output control signal when These are for PROM mode specification. To 
verify. put the MCU into the PROM mode, pull Mo, 


M;, and TEST low, and RESET high. 


78{ | RESET 


HD4074608FS HD4074608H 


(FP-80B) (FP-80A) 
(Top View) (Top View) 


Figure 39. PROM Mode Pin Arrangement 
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‘Programmable ROM Operation 


The MCU on-chip PROM is programmed in 
PROM mode (figures 40, 41). PROM mode is 
set by bringing TEST, Mo, and M: low, and 
RESET high as shown in figure 40. In PROM 
mode, the MCU does not operate. It can be 
‘programmed like a standard 27256 EPROM 
using a standard PROM programmer and a 
80-to-28-pin socket adapter. Table 33 lists 
recommended PROM programmers and 
socket adapters. 


Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series 
microcomputer incorporate conversion circuit 
to use a general perpose PROM programmer. 
By this circuit, an instruction is read or pro- 

_grammed using 2 addresses, lower 5 bits and 
upper 5 bits as shown in figure 41. For exam- 
ple, if 8 kwords of on-chip PROM are pro- 
grammed by a general purpose PROM pro- 
grammer, 16 kbytes of addresses ($0000- 
$3FFF) should be specified. 


Programming And Verification 
The MCU can be high-speed programmed 
without causing voltage stress or affecting 


data reliability. 


Table 32 shows how programming and veri- 
fication modes are selected. 


Figure 42 is a programming flowchart, and 
figure 43 is a timing chart. For precautions on 
PROM programming, refer to ZTAT MCU On- 
Chip PROM Characteristics and Precautions 
for Applications. 


Precautions 


1. Addresses $0000 to $3FFF should be 
specfied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may 
not be programmed or verified. Note that 
the plastic package type cannot be 
erased and reprogrammed. Data in un- 
used addresses should be set to $FF. 


2. Be careful that the PROM programmer, 
socket adapter and LSI match. Using the 
wrong programmer of socket adapter 
may cause an overvoltage and damage 
the LSI. Make sure that the LSI is firmly 
fixed in the socket adapter, and that the 
socket adapter is firmly fixed in the pro- 
grammer. | 


3. The PROM should be programmed with 
Vpp=12.5 V. Other PROMs use 21 V. If 21 V 
is applied to the MCU, the LSI may be 
permanently damaged. 12.5V is Intel's 
27256 Vpp. 





Table 32. PROM Mode Selection 


Pin 
Mode CE OE Vpp Oo-07 
Programming Low’ High  Vpp_ Data input 
Verify High Low  Vpp_ Data output 
Programming High 
inhibited High High = Vpp impedance 


Table 33. PROM Programmers and Socket Adapters 


PROM Programmer Socket Adapter 


Maker Type name Maker Type name Package Type 
DATA 1/O 121B Hitachi HS460ESFO1H FP-80B 
29 HS460ESFO3H FP-80A 
Under Development 
AVAL Corp PKW-1000 Hitachi HS460ESFO1H FP-80B 
| HS460ESFO3H FP-80A a 


Under Development 
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Data 
ee oo 


Address 
Ao—Ara 





Figure 40. PROM Mode Function Diagram 


$0000 /f)}) 1 1 1 bit4 | bits | bit2 | bitl | bitO | Lower 5 bits | JMPL Instruction 


soo01 {I{T] 1 btd bits . bit? | biG itd aureus | $0000 (Jump to RESET Routine) 


JMPL Instruction 
A inked, 
Vector Address (Jump to INTo Routine) 
ee JMPL Instruction 


(Jump to INT; Routine} 
Zero-Page Subroutine IMPnetroction 
(64 Words) (Jump to TIMER A Routine) 
JMPL Instruction 
$003F (Jump to TIMER B Routine) 


$0040 JMPL Instruction 
Pattern 


(Jump to TIMER C Routine) 
(4096 Words) JMPL Instruction 
(Jump to SERIAL Routine) 
SOFFF 


$1000 
Program 


(8198 Words) 


(Note) 
Not Used 


ne ye” 
Three bits are not used. 
(Set to 111) 


Note: When reading this address space, $FF is output. 





Figure 41. PROM Mode Memory Map 
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Set Prog/Verify mode 
Vep=12.5+0.3V, Voc =6.0+0.25V 


Address =0O 


Address + 1 — Address 


Program topw = 3n ms 


Last 
Address ? 


Set Read Mode 
Vec=5.0+0.5V, Ver =Vec t0.6V: 


Read 
All Address 


GO 





Figure 42. High Speed Programming Flowchart 


Program Verify 


on i ia: 
ee 


tvPs 





Figure 43. PROM Program/Verify Timing 
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Programming Electrical Characteristics 


DC Characteristics 
(Vecc=6 V + 0.25 V, Vep=12.5V +0.3V, Vss=OV, Ta=25°C +5°C, unless otherwise 
noted.) 


item Symbol Min Typ Max Unit Test Condition 
Input high voltage Oo—O7, Ao—Ai14a, OE, CE Vin 2.2 Vec+0.3 V 

Input low voltage Oo—O7, Ao—Ai4, OE, CE VU -0.3 0.8 V 

Output high voltage Oo—O7 VoH 2.4 V lon = —200KA 
Output low voltage Oo—O7 VoL 0.4 V loL=1.6mMA 

Input leakage current Oo—O7, Ao-—-Aia, OE, CE |Iy| 2 uA Vin=5.25V/0.5V 
Vec current Icc 30 mA 

Vpp Current lpp 40 mA a 


AC Characteristics 
(Vcc=6 V + 0.25 V, Vep=12.5 V + 0.3 V, Ta=25 °C + 5°C, unless otherwise noted.) 


item Symbol Min Typ Max Unit Test Condition 


Address set-up time tas 2 “uS Figure 42* 
OE set-up time toes 2 us 
Data set-up time tos 2 us 
Address hold time tay O us 
Data hold time too 2 uS 
Output disable delay time tor 130 ns 
Vpp set-up time types 2 us 
Program pulse width tpw 0.95 1.0 1.05 ms 
CE pulse width when overprogramming topw 2.85 78.75 ms 
Vcc set-up time tycs 2 us 
Data output delay time tog O 500 ns 
* Input Pulse level 0.8 to 2.2V 

Input rising/falling timeS20Ons © 

Timing reference level Sees eens 

output :0.8V, 2.0V 
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Precautions on PROM Program- 
ming 


Principles of PROM Programming/ 
Erasing 


The ZTAT microcomputer has the same type 
of the memory cell as the EPROM. The PROM 
is programmed by applying high voltage to 
the control gate and drain and injecting hot 
electrons into the floating gate, in the same 
way in the EPROM programming. The elec- 
trons in the floating gate remains stabilized, 
surrounded by the energy barrier of SiO2 film. 
By this electrons, the threshold voltage in the 
memory cell changes and the corresponding 
bit goes to 0. 


The hot electrons are reduced as over time. 
This reduction is caused by: 


1. Ultraviolet light :::-++-+:++++-++++ The electrons 
are discharged by the ultraviolet light 
(erasure principle) 

2. Heat W's’ Siw wivheieve 6166's. e'she ai6.0,b:0le-eies ete wee e eres Theelectrons, 
which are excited by heat, are discharged 

3. Application of high voltage:::-The number 
of electrons is reduced due to the high 
voltage which is applied to the control 
gate and drain 


If there is any failure in the oxide film, the 
charge is markedly reduced; however, in 
general, such reduction does not occur, since 
devices which failed are usually excluded 


Control gate 








SiO2 
Floating gate 


Source Drain 


Programming ( O ) ) 


during screening tests. 


When the memory cell does not have any hot 
electrons in the floating gate, the corre- 
sponding bit goes to 1. | 


PROM Programming 


PROM programming should be performed 
under specified voltage and timing condi- 
tions. The higher the program voltage (Vpp) 
and the longer the program pulse width 
(tpw), the more electrons will be injected into 
the memory cell. If an overvoltage is applied, 
a P-N junction may be permanently 
damaged. It is especially important to note 
that an overshoot occurs in the PROM writer. 
Moreover, negative voltage noise causes a 
parasitic transistor effect, which can reduce 
the apparent breakdown voltage. 


During PROM programming, the ZTAT 

microcomputer is electrically connected with 

the PROM writer via the socket adapter. The 
user should ensure the following: 

1. Confirm that the socket adapter is firmly 
connected to the PROM writer before 
beginning PROM programming. 

2. Do not touch the socket adapter and the 
LSI during programming; this can cause 
faulty contacts, resulting in programming 
errors. 


Control gate 






Floating gate 


- Drain 


Erasing ( 1 ) 


Figure 44. Cross Section of PROM Memory Cell 
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PROM Reliability after Programming 


In general, semiconductor devices retain 
their reliability, if some initial failures can be 
rejected. Initial failures can be rejected by 
adequate screening. “Baking” the device un- 
der high-temperature conditions is a screen- 
ing method which eliminates initial short- 
time data hold failures in the memory cell 
(See “Principles of PROM Programming/Eras- 


Programming 
Verification 


Exposure in high temperature 
without applying any power 
150°C + 10°C, 48 Hr + 8 Hr* 

—- OHr 


Confirmation of reading 
Vcc =4.5 Vor5.5V 


* Exposure time is the period starting from 
when the temperature in the baking furnace 
reaches 150°C. 





Figure 45. Recommended Screening 
Procedure 
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ing”). ZITAT microcomputer devices realize 
good reliability because they have been sub- 
jected to such screening during the water 
fabrication process. It is recommended that 
the user expose the device to 150°C at one 
atmosphere after programming in order to 
verify device performance. 


Figure 45 shows the recommended screening 
procedure. 


(note) If programming errors occur se- 
quentially during PROM programming, the 
user should suspend programming and 
determine whether there is any trouble with 
the PROM writer or the socket adapter. If 
programming verification indicates errors in 
programming or after high-temperature 
exposure, please inform Hitachi of the trou- 
ble. 
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RAM Addressing Mode 


As shown in figure 46, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. . 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $040 to $04F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four kinds of ROM addressing 
modes, as shown in figure 47. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with the 
14-bit immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


When BR is on page boundary (256n + 255) 
(figure 48), executing a BR instruction trans- 
fers the PC contents to the next page accord- 
ing to the hardware architecture. Conse- 
quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 


pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bit immediate data 
are placed in the low-order six bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PCi3 to 
PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 49). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 
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Register W Register X Register Y 


earn 






RAM Address 


Register Indirect Addressing 


Instruction 1st Word Instruction 2nd Word 


RAM Address 





Direct Addressing 


Instruction 





RAM Address 


Memory Register Addressing 


Figure 46. RAM addressing Mode 
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(JMPL) 
(BRL) 


(CALL) 
Instruction 1st Word Instruction 2nd Word 


Program Counter{PCi3 PCi2 PC11 PCio0 PCa PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 























ds ds dz de ds da d3 d2 di 











do 











Direct Addressing 


Instruction 


(BR) 





Program Counter |PCi3 PC12 PC11 PCio0 PCa PCs PC7 PCe PCs PCa PC3 PC2 PCi PCo 


Current Page Addressing 


Instruction 


Program Counter 





Zero Page Addressing 


Instruction 


Program Counter|PC13PC12 PC11PCio PCo PCa PC7 PCe PCs PCs PCs PC2 PC: PCo 


Table Data Addressing 





Figure 47. ROM Addressing Mode 
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256(n—1)+255 
256n 


AAA NOP 


256n+254 
256n+255 
256(n+ 1) 


BBB NOP 





Figure 48. The Branch Destination by BR Instruction on the Boundary between Pages 


Instruction 


Referred ROM Address 


If ROs=1 


Output Register R1, R2 | R23 R22 R21 R20|/R13 Riz R11 Rio 





Pattern 


Figure 49. P Instruction 
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Instruction Set 


The MCU provides 101 instructions which are 
classified into 10 groups as follows; 


Compare instruction 

RAM bit manipulation instruction 
ROM address instruction 
Input/output instruction 
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1. Immediate instruction 10. Control instruction 

2. Register-to-register instruction 

3. RAM address instruction Tables 34-43 list their functions, and table 44 

4. RAM register instruction is an opcode map. 

5. Arithmetic instruction 
Table 34. Immediate Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI i 10001 1 ig iz i1 in I-A 1/1 
Load B from Immediate LBI i 1000 0 O ig ig i} ip i> B 1/1 
Load Memory from LMID i,d 01101 O ig ig i} i9 i>-M 2/2 
Immediate dg dg d7 dg ds dq d3 d2 di do 
Load Memory from LMIIY 1 101 0 0 1 ig ig iy ig i-M, Y+1-Y NZ 1/1 
Immediate, Increment Y 
Table 35. Register-to-Register Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 BHA 1/1 
Load B from A LBA 00110031000 A~>~B 1/1 
Load A from.W LAW 01900000000 w-a ae 
7 0000000000 (Note) 

Load A from Y LAY 0.0 1 °O: 4 O -1. ETT COC eA 1/1 
Load A from SPX LASPX 00011031000 SPX-A 1/1 
Load A from SPY LASPY 00010131000 SPY-A 1/1 
Load A from MR LAMR m 100 1 1 1 mmmm MR(m)-A 1/1 
Exchange MR and A XMRA m 1011 1 1mmmm MRim-A 1/1 
Note: An operand is provided for the second word of LAW and LWA instruction by assembler 


796 


automatically. 
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Table 36. RAM Address Instructions 


Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load W from immediate LWI i 0011313100 ii i9 i~W 1/1 
Load X from Immediate LX] 1 1000 1 O i3 ig 4 i9 i-*X 1/1 
Load Y from Immediate LYI i 1000 0 1 ig ig i} i9n i> Y 1/1 
Load W from A LWA oe ek Oe Aw oe 

0000000000 (Note) 

Load X from A LXA 0011101000 A-xX 1/1 
Load Y from A LYA 001103131000 A+~-Y 1/1 
Increment Y lY 000103131100 Y+1-—/Y NZ 1/1 
Decrement Y DY 001170 11 1T tT 1 Yt ¥ NB 1/1 
Add A to Y AYY 0001010100 YtA-Y OVF 1/1 
Subtract A from Y SYY 0011010100 Y-A->~Y NB 1/1 
Exchange X and SPX XSPX 0000000001 K+ SPX 1/1 
Exchange Y and SPY XSPY 0000000010 Y= SPY 1/1 
Exchange X and SPX,Y XSPXY 000000001 1 X-SPX, Y~SPY 1/1 
and SPY 


Note: An operand is provided for the second word of LAW and LWA instruction by the assembler 
automatically. 
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Table 37. RAM Register Instructions 





. Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Memory | LAM(XY) 00100%3100y x M-A, (X-SPX, Y-SPY) 1/1 
Load A from Memory LAMD d 0110010000 M~A 2/2 

dg dg d7 dg ds dq d3 d2 di do 
Load B from Memory LBM(XY) 00010000 y x M-B, (X-SPX, Y-SPY) 1/1 
Load Memory from A LMA(XY) 00100101 =y x AM, (X-SPX, Y~SPY) 1/1 
Load Memory from A LMAD d 0110010313100 A>+M 2/2 
dg dg d7 de ds dq d3 do di do 
Load Memory from A, LMAIY(X) 0001031000 x= A-M, Y+1~—Y (X-SPX) NZ 1/1 
Increment Y 
Load Memory from A, LMADY(X) 0011031000 x A-M, Y-1-Y (X-SPX) NB 1/1 
Decrement Y 
Exchange Memory and A XMA(XY) 00100000 =y x MeA, (X-SPX, Y-SPY) 1/1 
Exchange Memory and A XMAD d 0110000000 MnrA 2/2 

dg dg d7 de ds da d3 do di do 

Exchange Memory and B XMB(XY) 00110000 y x MB, (X-SPX, Y-SPY) 1/1 


Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of LAM 
(XY) is given below). 
The op-code X or Y is assembled as follows. 


Mnemonic y x Function 

LAM Oo 860 

LAMX 0 1 X + SPX 

LAMY 1 O YONG Y 
LAMXY 1 1 X-+SPX, Y~SPY 


(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of LMAIY 
(X) is given below). 
The op-code X is assembled as follows. 


NMinemonic x Function 
LMAIY O 
LMAIYX 1 X ~~ SPX 
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Table 38. Arithmetic Instructions 


Operation 


Add immediate to A 


Increment B 


Decrement B 


Decimal Adjust for Addition 


Decimal Adjust for Subtraction 


Negate A 


Complement B 


Rotate Right A with Carry 


Rotate Left A with Carry 


Set Carry 
Reset Carry 


Test Carry 


Add A to Memory 


Add A to Memory 


Add A to Memory with Carry 


Add A to Memory with Carry 


Subtract A from Memory 


with Carry 


Subtract A from Memory 


with Carry 


OR A and B 


AND Memory with A 


AND Memory with A 


OR Memory with A 


OR Memory with A 


EOR Memory with A 


EOR Memory with A 


Note: 


n 
U 
ome 


: Logical AND 
: Logical OR 
Exclusive OR 


Mnemonic 


Ali 

IB 

DB 
DAA 
DAS 
NEGA 
COMB 
ROTR 
ROTL 
SEC 
REC 
TC 


AM 


- AMD d 


AMC 


AMCD d 


SMC 


SMCD d 


OR 


ANM 


ANMD d 


ORM 


ORMD d 


EORM 


EORMD d 


1 
‘ 


oO;OoO;or;ro;o;o;o;o!;!o;}o;oa;oa;o 


1 


=—-|oO | oO 


oO} Oo 


0 


oO;}oO] - 


—_ 


_ 


Operation Code 


0 0 i3 jo i; 


00110 


© 
eo) 


1 1 =1 


o;}o;}oa;o;jo;o;o;o};o;oj;o 


[ox 

Eo 
Qo 

fh 

Qo. 

w 

Q 

NO 
2oso 


© 
© 
oO 


01100 


dg dg d7 dg ds da d3 do dy 


O 


0 


0 


1 


1 


1 


0 


O 


01100 


01100 


dg dg d7 dg ds dq d3 do dy 


0 
O 


0 


1 


0 


1 


O 
1 


1 


1 
O 


O 


00010 
O11 10 


O11 1 0 


dg dg d7 dg ds dq d3 do dy} 


0 
O 


0 


1 


0 


0 


0 
0 


00110 


001 1 0 


dg dg d7 dg ds da d3 do dy 


O 
O 


0 


1 


0 


0 


01110 


0001110 
dg dg d7 dg ds da d3 do d; 
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do 


O| Oo 


.e) 


do 


oO] Oo 


do 


do 


Function 
Ati-A 
B+1-—B 


B-1-B8B 


1 CA 


0 -CA 


M+tA-A 


M+A—A 


M+A+CA—A 


OVF-CA 


M+A+CA~A 
OVF-CA 


M-—-A-CA—A 
NB--CA 


M-A-CA—A 
NB—CA 


AUB~-A 
ANM~-A 


ANM-A 


AUM-A 


AUM-A 


A®M~A 


A®M~A 


Status 


OVF 


NZ 


NB 


CA 


OVF 


OVF 


OVF 


OVF 


NB 


NB 


NZ 


NZ 


NZ 


NZ 


NZ 


NZ 
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Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


2/2 


1/1 


2/2 


1/1 


2/2 


1/1 
1/1 


2/2 


1/1 


2/2 


1/1 


2/2 


HD404608/HD4074608 


799 





HD404608/HD4074608 


Table 39. Compare Instructions 


Operation 


Immediate Not Equal 
to Memory 


Immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory 


B Not Equal to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


Immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate 


Mnemonic 


INEM i 


INEMD i,d 


ANEM 


AMEMD d 


BNEM 
YNEI i 


ILEM i 


ILEMD i,d 


’ ALEM 


ALEMD d 


BLEM 


ALEl i 


Operation Code 


00001 O iz ig iy i 


0100 1 O ig i2 iy 
dg dg d7 dg ds da d3 do dy 


00000001 0 


010000010 
dg dg d7 dg ds d4 d3 do dy 


000100010 
000111 ig ip iy 


0000 1 1 ig ig iy 


0100 1 1 ig ig iy 
dg dg d7 dg ds dq d3 d2 dy 


000001010 


010001010 
dg dg d7 dg ds dq d3 do dy 
001100010 


10101 1 ig ia iy 


Table 40. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 


Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 
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Mnemonic 


SEM n 


SEMD n,d 


REM n 


REMD n,d 


TM n 


TMD n,d 


Operation Code 


0010000 1m 


01100001n 
dg dg d7 dg ds dq d3 do dy 


0010001 01m" 


0110001 0n; 
dg dg d7 dg ds dg d3 do dy 


0010001 1n 


0110001 1%m" 
dg dg d7 de ds d4 d3 do dy 
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No 
do 


Function 


iz M 


ix M 


A#M 


A+#M 


> 
IA 


Function 
1 — M(n) 


1 — M(n) 


O ~ M(n) 


QO — Min) 


Status 


NZ 


NZ 


NZ 


NZ 


NZ 
NZ 


NB 


NB 


NB 


NB 


NB 


NB 


Status 


M(n) 


M(n) 


Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


1/1 
1/1 
1/1 


2/2 


1/1 


2/2 


1/1 


1/1 


Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


1/1 


2/2 





Table 41. ROM Address Instructions 
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Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 be bs bg b3 b2 by bo 1 1/1 
Long Branch on Status 1 BRL u 0101 1 1 p3p2 pi po 1 2/2 
dg dg d7 dg ds da d3 d2 dj do 
Long Jump Unconditionally JMPLu O10 1 0 1 p3p2 Pi Po 2/2 
dg dg d7 de ds da d3 do di do 
Subroutine Jump on Status 1 CALa O 1 1 #1 a5 a4 a3 a2 a1 AQ 1 1/2 
Long Subroutine Jump on CALL u 0101 1 0 p3p2 pi Po 1 2/2 
Status 1 dg dg d7 dg ds da d3 d2 dy do 
Table Branch TBR p 0010 1 1 p3p2 pi Po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 0000010001 1—I/E ST 1/3 
CA Restore 
Table 42. Input/Output Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete I/O Latch SED 0011100100 1 — D(Y) 1/1 
Set Discrete I/O Latch Direct SEDD m 10111 0m mm rm 1 — D(m) Oo 1/1 
Reset Discrete I/O Latch RED 0001100 1 0 0 O- DY) 1/1 
Reset Discrete 1/O Latch Direct REDD m 1001 1 0m3m m m 0 — D(m) 1/1 
Test Discrete I/O Latch TD 0011100000 D(Y) 1/1 
Test Discrete I/O Latch Direct TDD m 10101 0mmm mm D(m) 1/1 
Load A from R Port Register LAR m 10010 1 mm m mM R(m) ~ A 1/1 
Load B from R Port Register LBRm 10010 O0mmm R(m) ~ B 1/1 
Load R Port Register from A LRA m 101 101m mm nm A — R(m) /1 
Load R Port Register from B LRBm 10110 0m mm Mm B — R(m) 1/1 
Pattern Generation Pp 0110 1 1 p3 p2 Pi Po 1/2 
Table 43. Control Instructions 
. Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 1/1 
Start Serial STS 0101001000 1/1 
Standby Mode/Watch Mode’ SBY 0101001100 1/1 
Stop Mode/Watch Mode STOP 0101001101 1/1 
* : Only when shifted from sub-active mode. 
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Table 44. Opcode Map 


fo oper) —— wld 
fn pd fo 


nn en eee 
BRL p(4) 
pveD SEMD n(2) vn T 


ae MD (2) 
LAM(XY) | LMA(XY) Md a Fl Fa) a] 
Oe ca, ei 


TBR p(4) P p(4) 


CAL a(6) 








. 
BSS 


LAMR m(4) BR b(8) 


LMIIY i(4) 
TDD m(4) 
ALEl i(4) 





{__}+-4-word/2-cycle [___}--1-word/3-cycle [ ]--RAM Direct Address [__ |-:2-word/2-cycle 
Instruction Instruction Instruction Instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 





item Symbol Value Unit Note 
Supply Voltage Vec -—0.3 to + 7.0 V 
Programming Voltage Vpp -—0.3 to + 14.0 V 2 
Terminal Voltage Vr —0.3 to Vec + 0.3 V 
Total Allowance of Input Current = lo 100 mA 3 
Total Allowance of Output Current — 3 lo 50 mA 4 
Maximum Input Current lo 4 mA 5, 6 
30 mA 57 
Maximum Output Current — lo 4 mA 8,9 
Operating Temperature Topr —20 to + 75 Gs 
Storage Temperature Tstg —-55 to + 125 "¢ 
Storage Temperature (bias) Thias —25 to + 80 °C 
Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceed- 
ed, it may cause a malfunction or affect the reliability of LSI. 
2. Dio (Vee) of the HD4074608. 
3. Total allowance of input current is the total sum of input current which flows in from all I/ 
O pins to GND simultaneously. 
4. Total allowance of output current is the sum of the output current which flows out from 
Vec to all 1/O pins simultaneously. 
5. Maximum input current is the maximum amount of input current from each |/O pin to GND. 
6. RO-R3 : 
7. Do-Dg 
8. Maximum output current is the maximum amount of output current from Vcc to each 1/0 
pin. 
9. Do—Dg, RO-R3. 
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Electrical Characteristics 


DC Characteristics 
(HD404608: Vcc = 2.7 V to 6.0 V, HD4074608: Vcc = 3.0 V to 5.5 V, GND = OV, T, = — 
20 to +75°C, unless otherwise noted) 





item Symbol Pin Min Typ Max Unit Test Condition Note 
Input High Vin RESET, SCK, 0.9 Vcc Vec + 0.3 V 
Voltage INTo, 
INT; 
OSC, Vcc — 0.3 Ver + 0.3 V External clock 
. operation 
SI 0.9 Vcc Ver + 0.3 V 
Input Low Vit RESET, SCK, -0.3 0.1 Vec V 
Voltage INTo, 
INT; 
OSC, ee Oa 0.3 V External clock 
operation 
Output High Vou SCK, TIMO Vec-1.0 V —loH=0.5mA 
Voltage SO 
Output Low VoL SCK, TIMO 0.4 V lol =0.4mA 
Voltage SO 
Input/Output Hie! RESET, SCK, 1 uN Vn =OVtOVee 1 
Leakage INTo, INT, 
Current Si, SO, TIMO, 
OSC, 
Stop Mode Vstop Vec 2 V Without 32kHz 7 
Hold Voltage oscillator 
Current Iec1 Vec 400 1000 uA Vec =3V 2 
Dissipation in fosc = 400kHz 
Active Mode 
Icc2 Vec 500 1500 uA Vec = 3V 3 
DTMF: active 
fosc = 400kHz 
lcc3 Vec 1 2 mA Vec=3V 4 
fosc = 400k Hz 
Di2, D13 analog 
input mode 
Current Dissipation in Ietpy Vec 200 500 uA Vec = 3V 5 
Standby Mode LCD: ON 
fosc = 400kHz 
Current Dissipation in istop Vcc 1 10 uA Vec = 3V 
Stop Mode Without 32kHz 
oscillator 
Current Dissipation lea Vec 50 100 uA Vec = 3V 
in Sub-active Mode 35 70 uA LCD: ON 6 
Current Dissipation lwtet Vec 5 15 uA Vec = 3V 
in Watch Mode (1). LCD: OFF 
Current Dissipation = Iyrca Vec 15 35 uA Ver = 3V_ 
in Watch Mode (2) LCD: ON 
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Notes: 
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Excluding output buffer current. 

The MCU is in the reset state. Input/output current does not flow. 

- MCU in reset state 

- RESET, TEST: Vcc 

The MCU operates and I/O current does not flow. 

-Di2, Di3 digital input mode 

- DTMF operates (Current flowing from VTret to the GND is excluded.) 
The Di2 and Di3 pins are analog input mode and I/O current does not flow. 
° VCret/D11, COMPO/D12, COMP1/Di3: GND 

- DTMF does not operate 

The timer operates and I/O current does not flow. 

- MCU is in standby mode 

- Input/output is in reset state 

- Serial interface: Stop 

*Di2, Di3: digital input mode 

- DTMF: stop 

- RESET: GND 

- TEST: Vec 

Applies to the HD404608. 

RAM data retention 
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Input/Output Characteristics for Standard Pin 
(HD404608: Vcc = 2.7 V to 6.0 V, HD4074608: Vcc = 3.0 V to 5.5 V, GND = OV, T. = — 


20 to +75°C, unless otherwise noted) 


Item Symbol Pin min typ max Test Conditions Unit Note 
Input High Voltage Vin Di9—Di13 0.7 Vcc Vec+0.3 V 
RO—R3 
Input Low Voltage Vit Dio—Di3 -0.3 0.3 Vcc V 
RO-—R3 
Output High Voltage Vou RO-—R3 Vec-1.0 — lon = 0.5 mA V 
Pull-up MOS —Ip RO-R3 5 90 Ver = 3V, uA 
Current Vn =OV 
Output Low Voltage VoL RO-—R3 0.4 lo. = 0.4 mA V 
Input/Output Hic | Dio 20 Vin = OV to Vcc uA 2 
Leakage Current RO—R3 1 1 
Di;—Di3 
Input High Voltage ViHA Di2, Di3 VCref V 
(Analog + 0.1 
Compare 
mode) 
Input Low Voltage ViLA Di2, Di3 VCref Vv 
(Analog =0s4 
Compare 
mode) 
Analog Input VGCret VCret O Vec—1.2 V 
Reference Voltage 
Scope 
Notes: 1. Output buffer current is excluded. 


2. The maximum value of the HD404608 is 1 wA. 


Input/Output Characteristics for High Voltage Pin 
(HD404608: Vcc = 2.7 V to 6.0 V, HD4074608: Vcc = 3.0 V to 5.5 V, GND = OV, Ta = — 
20 to +75°C, unless otherwise noted) 


Item Symbol Pin © min typ max Test Conditions Unit Note 
‘Input High Voltage Vin Do—Dg 0.7 Vcc Vec+0.3 V 
Input Low Voltage Vit Do—Dg -0.3 0.3 Vcc V 
Output High Voltage Vou Do—Dg Vec-1.0 — lon = 0.5 mA V 
Pull-up MOS —Ip Do—Dg 5 40 90 Vec=3V, uA 
Current Vin = OV 

Output Low Voltage Vot Do-Dg 2.0 lo. = 15 mA V 

Vcc =4.5V to 6V 
0.4 lo. = 0.4 mA 

Input/Output Leakage =| Ij | Do—Dg 1 Vin = OV to Vcc HA 1 
Current 

Note: Output buffer current are excluded. 
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Liquid Crystal Circuit Characteristics 
(HD404608: Vcc = 2.7 V to 6.0 V, HD4074608: Vcc = 3.0 V to 5.5 V, GND = OV, T, = — 
20 to +75°C, unless otherwise noted) 


Item Symbol Pin Min Typ Max Unit Test Condition Note 





Segment Driver Vas SEGT— 0.6 V jy 3 ih 1 
Descending SEG32 

Voltage 

Common Driver Vide COM1 — 0.3 V lg = 3 yA 1 
Descending COM4 

Voltage 

LCD Power Rwell 100 300 900 kQ Between V1 

Supply Divide and GND 

Resistor 

LCD Voltage Vicp V1 Vec V ae, 


Notes: 1. Descending voltage from the power supply pins V1, V2, V3, and GND to the segment and 
common pins. 
2. Keep the relation Vcc 2 V1 2 V2 2 V3 2 GND when Vico is supplied by external power 


supply. 
3. Vico min = 2.7 V (HD404608) 
Vicp min = 3.0 V (HD4074608) 


DTMF Characteristics 
(HD404608: Vcc = 2.7 V to 6.0 V, HD4074608: Vcc = 3.0 V to 5.5 V, GND = OV, Tz = — 
20 to +75°C, unless otherwise noted) 


item Symbol Pin Min Typ Max Unit Test Condition Note 





TONE Output Vor TONER 500 660 mVrms Tee GND=2.0 V, 1 
Voltage (1) R.=100 ka 
TONE Output Voc TONEC 520 690 mVrms  VTye-GND=2.0 V, 1 
Voltage (2) R_=100 ko 
TONE Output %DIS 3 7 % Short circuit 2 
Distortion between TONER 

and TONEC, 

RL=100 kQ | 
TONE Output dBcr 2.5 dB ‘Short circuit 2 
Ratio between TONER 

and TONEC, 

R,_=100 kQ 


Notes: 1. See figure 50. 
2. See figure 51. 
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AC Characteristics 
(HD404608: Vcc = 2.7 V to 6.0 V, HD4074608: Vcc = 3.0 V to 5.5 V, GND = OV, Ta = — 
20 to +75°C, unless otherwise noted) 


808 


item 


Oscillation Frequency 


Instruction Cycle 
Time 


Oscillator Stabiliza- 
tion Time 


External Clock 
Frequency 


External Clock High 


External Clock Low 


External Clock Rise 
Time 


External Clock Fall 
Time 


INTo High Level 
Width 


INTo Low Level 
Width 


INT, High Level 
Width 


INT, Low Level 
Width 


RESET High Level 
Width 


Input Capacitance 


RESET Fall Time 


Analog Com- 
parator 
stabilization 
time 


Symbol 


fose 


teyc 


tre 


tcPH 


tcPL 


tePr 


tcp 


tiOH 


tloL 


titH 


tit 


tRSTH 


Cin 


trstt 


tcsTB 


Hitachi America Ltd. 


Pin 


OSC;, OSC2 


X1, X2 


OSC;, OSC2 


X1, X2 


OSC, 


OSC, 


OSC, 


OSC, 


OSC, 


INTo 
INTo 
INT 
INT} 
RESET 
Dio 


All pins 
except Dio 


Di2, 013 
(Analog 
input mode) 


Min Typ 
400 
800 
32.768 
10 
5 
400 
800 

1100 

550 

1100 

550 

2 

2 

2 

2 

2 

© HITACHI 


Max 


teyc/ 
tsuBcyc 


teyc/ 
tsuBcyc 


teyc 


teye 


toye 


pF 


pF 


ms 


teyc 


Test 
Conditions 


Devided into 4 


fosc = 400kHz 
fosc = 800kHz 
fosc = 400kHz 
fosc = 800kHz 
Tg=-—10 to +60°C 


fop = 400kHz 
fcp = 800kHz 
fop = 400kHz 
fcp = 800kHz 
fop = 400kHz 
fop = 800kHz 
fop = 400kHz 
fcp = 800kHz 


f= 1MHz, Vin =OV 


f= 1MHz,Vin=OV 
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Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.7 V 
(HD4074608: Vcc is 3.0 V) after power-on, or after RESET goes high. At power-on or 
STOP mode release, RESET must be kept high for at least tac. Since tac depends on the 
ceramic filter's circuit constant and stray capacitance, please get the manufacturer’s 
advice when designing the RESET circuit. 

2. Oscillation stabilization time it the time until the oscillator stabilizes after Vcc reaches 2.7 V 
(HD4074608: Vcc is 3.0 V) after power-on. Time required to stabilize the oscillator (trc) 
must be obtained. Since tac depends on the crystal circuit constant and stray capacitance, 
please get the manufacturer's advice. 


3. See figure 52. 

4. See figure 53. The unit tcyc is applied when the MCU is in the standby mode or active 
mode. 

5. See figure 54. 

6. See figure 53. The unit tsuBcyc is applied when the MCU is in the watch mode or sub-active 
mode. tsuBcye = 244.14 ws (when 32.768 kHz crystal oscillation is used.) 

7. Analog comparator stabilization time is the time until the analog comparator stabilizes and 


correct data can be read after entering D12/D13 into analog input mode. 
8. The maximum value of the HD404608 is 15 pF. 
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HD404608/HD4074608 


Serial Interface Timing Characteristics 


(HD404608: Vcc = 2.7 V to 6.0 V, HD4074608: Vcc = 3.0 V to 5.5 V, GND = OV, T, = — 
20 to +75°C, unless otherwise noted) 


AT Transfer Clock Output 


item Symbol Pin . Min Typ Max Unit Test Condition Note 
Transfer Clock tscyc SCK 1 teyc 1.2 
Cycle Time 

Transfer Clock tsCKH SCK 0.5 tScyc Ts2 
High, Low tSCKL 

Level Width | 

Transfer Clock tsckr SCK 200 ns 1.2 
Rise, Fall Time tsckf 

Serial Output Data toso SO 500 ns 1.2 
Delay Time 

Serial Input Data tssi Sl 300 ns 1 
Set-up Time 

Serial Input Data tus! SI 300 | ns 1 
Hold Time 


AT Transfer Clock Input 


Item Symbol Pin Min Typ Max Unit Test Condition Note 
Transfer Clock tScyc SCK 1 teyc 1 
Cycle Time 

Transfer Clock tSCKH SCK 0.5 tscyc 1 
High, Low tSCKL 

Level Width . 

Transfer Clock tsckr SCK 200 ns 1 
Rise, Fall Time tsckf 

Serial Output Data toso SO 500 ns 1.2 
Delay Time 

Serial Input Data tssi Sl 300 ns 1 
Set-up Time 

Serial Input Data tHs! Sl 300 ns 1 
Hold Time | 

Transfer Clock tscKHD SCK 1 teyc 3 


Completion Detect Time 


Notes: 1. See figure 55. 
2. See figure 56. 
3. Transfer Clock Completion Detect Timer is the period of high level after 8 pulses of transfer 
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before Transfer Clock Completion Detect Time has passed. 
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HD404608/HD4074608 


Ri= 100k 
R.= 100k 


Ri. = 100k 2 





Figure 50. TONE Output Load Circuit Figure 51. Distortion dBcr Load Circuit 


tion, ti1H tio, tiie 





Figure 53. Interrupt Timing 





Figure 54. Reset Timing 
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-HD404608/HD4074608 


After 8 pulses of transter 
clock are inputted. 
tsckHp 


Stk Vcc -0.5V(0.9Vec)* 
0.4V (0. 1Vec)* 


*Vec -0.5V and O0.4V are the threshold voltage for transfer clock output. 
0.9Vcc and 0.1Vcc are the threshold voltage for transfer clock input. 





Figure 55. Timing Diagram of Serial Interface 


Vec 


R,=2.6k2 


1820740 


or Equiv. 





| Figure 56. Timing Load Circuit 
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HD404608 
Option List 


an eee 












ROM Code Name 
LSI Type Number 






HD404608 


Note: Please enter check marks in OJ (M, X, V). 


Hitachi's Entry 


(1) Functional Option 


11 With 32 kHz CPU Operation and With a Watch Time Base 
C] Without 32 kHz CPU Operation and With a Watch Time Base 


[C] Without 32 kHz CPU Operation and Without a Watch Time Base 





(2) Package 


[] FP-80A 
(] FP-80B 


(3) ROM Code Media 


ROM Code Media 
M@ EPROM On-Package Microcomputer Type 


(4) Oscillator 



















C1 Ceramic Filter Oscillator 
[] External Clock 





1 32.768kHz Crystal Oscillator 


CC) Not Used 


HITACHI 


Hitachi America Ltd.-e Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


813 


HD404678 


Description 


The HD404678 is a 4-bit single-chip HMCS400-series 
microcomputer for telephone applications which is 
designed to increase program productivity and incor- 
porates a high-precision dual tone multi-frequency 
(DTMF) receiver that is especially suitable for answer- 
ing machines. 


Features 
® 8192 word « 10 bit ROM 
e 512 digit x 4 bit RAM 


e 48 I/O pins and 4 dedicated input pins 
—16 large current output pins: Ten 15 mA Sinks 
(Maximum of 7 pins can be used at the same 
time) and six 10 mA Sources 


e Four timer/counters 
—One 8-bit free-running timer 
—Three 8-bit reload-timer/event-counter/timer- 
output circuits 


e Built-in 2-channel clock synchronous 8-bit serial 
interface 


e Built-in DTMF receiver 
e Built-in reset voltage variable function 


e 11 interrupt sources 
—Fxternal sources: 4 
—Timer/counter: 4 





—Under Development— 


Pin Arrangement 


R62/INT2/TIC E15 
R63/INT3/TID [176 


R7,/TOD, [_}19 
R73/TOD2 [_}20 


R7o/TOB L_]17 


(Top View) 


—Serial interface: 2 Type of Products 
—DTMF receiver: 1 
e Subroutine stack: up to 16 levels including inter- Mask ROM type 
rupts Clock Frequency 
Part No. (MHz) Package 
ad Instruction cycle time: 2 ps HD404678H 4 FP-64A 
® Two low-power dissipation modes 
—Standby mode ZTAT type 
—Stop mode Clock Frequency 
Part No. (MHz) Package 
e Package HD4074678H 4 FP-64A 
—64-pin flat plastic package (FP-64A) 4 
Program Development Support Tools 
e Cross assembler and stimulator software for use 
with IBM PCs and compatibles 
®@ In circuit emulator for use with IBM PC 
e Programming socket adapter for programming the 
EPROM-on-chip device 
© HITACHI 
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Preliminary HD404678 
Block Diagram 
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Pin Description 


Function 
Power 


Test 


Reset 
Oscillator 


Port 


Interrupt 


Serial 


Communication 


Interface 


Timer 


DTMF 


Reset Voltage 


Variable Circuit 


816 


Symbol 

Vee 

GND 

TEST 

RESET 
OSC1, OSC2 


DO-D9 
D10-D 15 


ROO-R73 


R80-R83 
INTO-INT3 


SCKA, SCKB 
SIA, SIB 
SOA, SOB 
TIB, TIC, TID 


TOB, TOC, 
TOD 1, TOD2 
WV oc 


AGND 


V ref 


AIN +, AIN- 





Pin No. v0 

46 Power supply voltage (5 V + 10%) 

22 Connected to the ground 

25 Used for factory tests Connected to the V,, 

21 | Resets the MCU 

23, 24 | Input pins for the internal oscillator circuit. Con- 
nected to the crystal oscillator or external oscilla- 
tion circuit. External oscillation circuit can be 
connected to OSC 1. 

26-35 1/0 Input/output ports. All bits can be accessed 
separately. Port pins are large current sink pins with 
pull-up MOS. 

36-41 1/0 Input/output ports. All bits can be accessed 
separately. Port pins are large current source pins 
with pull-down MOS. 

1-20, 47-54, 1/0 Input/output ports accessed with 4-bit-wide 

61-64 nibbles. Pins ROO-R53 are standard pins with pull- 
up MOS while R60-R80 each has a pull-down 
MOS. 

42-45 | An input port accessed with 4-bit-wide nibbles. 
Port pins are standard pins with pull-down MOS. 

3, 4, 15, 16 | External interrupts. These pins are multiplexed with 
R32, R33/TIB, R62/TIC, and R63/TID, respectively. 

5,9 /O Transfer clock input/output pins for SCIA, SCIB. 

6, 10 | Receive data input pins for SCIA, SCIB. 

7, 11 O Transmit data output pins for SCIA, SCIB. 

4, 15, 16 I External clock input pins for Timers B, C, and D. 
These pins are multiplexed with R33/INT 1, 
R62/INT2, and R63/INT3, respectively. 

17-20 O Timer output pins for Timers B, C, and D. These 
pins are multiplexed with R70, R71, R72, and R73, 
respectively. 

55 Power supply pin for the DTMF receiver analog 
block. Connect it as close as possible to the power 
supply to set AV, at the same potential as V,,. 
Stabilized power supply must be applied. 

60 Power supply pin for the DTMF receiver analog 
block. Connect it as close as possible to the power 
supply to put AGND to the same potential as GND. 

59 DTMF receiver analog block reference voltage. A 
stabilized voltage AV.,,/2 must be applied. 

57, 56 | DTMEF signal input pins for the DTMF receiver. 

58 O DTMEF receiver gain control pin. 

45 | A reference voltage input pin for threshold voltage 
of the reset voltage variable circuitry. R,.¢ is multi- 
plexed with R83. 

44 | An analog input pin of the reset voltage variable 
circuit. Riy is multiplexed with R82. 
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Preliminary HD404678 





Functional Description 


ROM Memory Map 


The MCU contains an 8192 word x 10 bit ROM area. 
The ROM memory map is shown in Figure 1 and is 
explained below. 


Vector address area ($0000-$000F): Reserved for 
JMPL instructions that branch to the starting ad- 
dresses of the reset and interrupt service routines. 
After the reset or interrupt routine is serviced, the 
program continues from the vector address. 


Zero page subroutine area ($0000-$003F): Reserved 
for subroutines. The program branches to the subrou- 


Vector Address 


Zero-Page Subroutine 
(64 Words) 


Pattern 
(4096 Words) 


Program 
(8192 Words) 


Not Used 





tine in the $0000-$003F area, in response to the CAL 
instruction. 
Pattern area ($0000-$0F FF): ROM data in locations 


$0000 through $0FFF can be referenced with the P 
instruction. 


Program area ($0000-$1FFF): Used for program code. 


JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) 


(Jump to TIMER-A Routine) 
(Jump to INT2/TIMER-B Routine) 
JMPL Instruction 


JMPL Instruction 

(Jump to SERIAL-B/TIMER-D Routine) 
JMPL Instruction 

(Jump to INT3/DTMF Receiver Routine) 


AN Ooh WN = O 


Figure 1. ROM Memory Map 
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HD404678 Preliminary 


RAM Memory Map 


The MCU contains a 512 x 4 bit RAM area com- 
prised of a data and stack area. In addition, interrupt 
control bits, special registers, and display data RAM 
are mapped in the same RAM memory space. The 
RAM memory map (Figure 2) is described in the fol- 
lowing paragraphs. 


Interrupt control bit area ($000-$003, $022-$023): 
Used for interrupt control (Figure 3). It can be ac- 
cessed only by RAM bit manipulation instructions. 
However, the interrupt request flag cannot be set by 
software. The RSP bit is used only to reset the stack 
pointer. 


Special registers are ($004-$01B, $024-$02C, 
$030-$037, $03B—$03E): Mode registers for external 
interrupt, serial interface, and timer, and data direc- 
tion and data registers for I/O ports. As shown in Fig- 
ure 2, these registers can be classified into three 
types: write-only, read-only, and read/write registers. 
The registers in special registers area are shown in 
Table 1. DTMF receiver related registers ($024-$02C) 
are shown in Table 29. 


Register flag area ($020-$021): Used for the WDON 
flag which is one bit registers accessed by RAM bit 
manipulation instructions. This flag can be set by the 
SEM and SEMD instructions. This flag is shown in 
Figure 4. 


Data area ($040-$04F $070-$21F): The memory reg- 
ister (MR), 16 addresses deep ($040-$04F), can be 
accessed by the LAMR and XMRA instructions (Fig- 
ure 5). 


Stack area ($3CO-$3FF): Used for saving the contents 
of the program counter (PC), status (ST), and carry 
(CA). This area can be used as a 16-nesting-level sub- 
routine stack in which one level requires 4 nibbles. 
The data to be saved and save conditions are shown in 
Figure 5. The program counter is restored by the RTN 
and RTNI instructions. Status and carry are restored 
by the RTNI instruction only. Any space not used is 
available data storage. 
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$ 000 


RAM-mapped Registers 


$ O3F 
$ 040 


Memory Registers (MR) 


$ O4F 
$ 050 





Not Used 


111 | $ O6F 
112 $070 












Data (448 Digits) 


543 
544 |S 220 





Not Used 
959 $ 3BF 
960 $ 3CO 
Stack (64 Digits) 
1023 $ 3FF 





W: Write only 
R: Read only 
R/W: Read/Write 


Not used: Cannot be read and written to since 
hardware is not given to this area. 
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$ 000 
$ 00+ 
$ 002 
$ 003 
Port Mode Reg. A (PMRA) $ 004 


0 
1 
2 
3 
4 
5 $ 005 
6 
7 
8 
9 


Interrupt Control Bits 





$ 006 

Timer Mode Reg. A (TMRA) | W_|$007 

[Timer Mode Reg.B_s (TMRB) | W_|$008 

[Timer Output Reg.B_—_—(TORB) | R/W | $00 
10] Timer BLower_—_(TCBL/TLBL) | R/W]$ 00A 
11[ Timer B Upper (TCBU/TLBU) | R/W|$ 00B 
12 $ OOC 
13] Timer Output Reg.C__ (TORC) | R/W}$ 00D 
14{ Timer C Lower (TCCL/TLCL) | R/W | $ OOE 
15{ Timer C Upper ___—s(TCCU/TLCU) | R/W | $ OOF 
16| Timer Mode Reg. Ds (TMRD) | W_|$010 
17| Timer Output Reg.D_ (TORD) | R/W|$011 
18[ Timer D Lower (TCDL/TLDL) | R/W|$ 012 
19| Timer D Upper (TCDU/TLDU) | R/W}$ 013 
20] Serial Mode Reg-A_— (SMRA) | R/W | $014 
21| Serial Clock Reg. As (SCRA) | W_|$015 
22] Serial Data Reg. A Lower __(SRAL) | R/W|$ 016 
2a Sen eae ey Bevin TEA] one 
24| Serial Mode Reg. B (SMRB) | R/W |$ 018 
25| Serial Clock Reg.B_ Ss (SCRB) | W_|$019 
26| Serial Data Reg. B Lower __ (SRBL) | R/W|$01A 
27] Serial Data Reg. B Upper__(SRBU) | R/W|$01B 


Not Used 
32 ; $ 020 
33 Register Flag Area $021 
34 $ 022 
35 Interrupt Control Bits $023 


36 $024 
37| Tone Rec. Data Reg LGL__(TDLL) | _R_|$025 
38| Tone Rec. Data Reg. LGM (TDLM)| R_|$026 
39| Tone Rec. Data Reg. LGU _(TDLU) | _R_|$027 
40 $028 
41 Tone Rec. Data Reg. HGL__(TDHL)| R_|$029 
42| Tone Rec. Data Reg. HGM (TDHM) | _R_|$02A 
43| Tone Rec. Data Reg. HGU _(TOHU) | R_|$02B 
44 $ 02C 


Not Used 


48 $ 030 
49 W_}$031 
50 $ 032 
51 $033 
52 $ 034 
53 $ 035 
54 $ 036 


-\55[ Port R7 DCR (DCR7) $ 037 


Not Used 


59 $ 038 
60 $ 03C 
61 $ 03D 
62 $ O3E 
63 $ O3F 


Figure 2. RAM Memory Map 
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HD404678 Preliminary 


IMO 
(IM of INTo) 


IMTA 
(IM of Timer A) 


IMSA 
(IM of Serial A) 


IM3 
(IM of INT3) 


IMTC 
(IM of Timer C) 


IFO 
(IF of INTo) 


IFTA 
(IF of Timer A) 


IFSA 
(IF of Serial A) 


IF3 
(IF of INT3) 


IFTC 
(IF of Timer C) 


(IM of Tone Receiver)| (IF of Tone Receiver) 


IF: Interrupt Request Flag 


IM: Interrupt Mask 


I/E: Interrupt Enable Flag 


SP: Stack Pointer 


RSP 
(Reset Stack 
Pointer Bit) 
IM1 
(IM of INT;) 


IM2 
(IM of INT2) 


IMSB 
(IM of Serial B) 


IMTB 
(iM of Timer B) 


IMTD 
(IM of Timer D) 


I/E 
(Interrupt Enable 
Flag) 
IF 1 
(IF of INT) 


IF2 
(IF of INT2) 


IFSB 
(IF of Serial B) 


IFTB 
(IF of Timer B) 


IFTD 
(IF of Timer D) 


Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD 
instruction, and is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the 
interrupt request flag is not affected by the SEM/SEMD instruction. 


The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM/TMD instruction. 





Figure 3. Configuration of Interrupt Control Bits Area 
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W 


bit 1: W DON (Watch-Dog Timer ON Flag) 
When W DON is 1, Watch dog-timer is enabled. W DON is initialized to O after reset. 


bit 3, bit 2, bit O: Not used, must not read and write. 





Figure 4. Configuration of Register Flag Area 


Memory Register Stack Area 
Level 16 
Level 15 
Level 14 
Level 13 
Level 12 
Level 11 
Level 10 
Level 9 
Level 8 
Level 7 
Level 6 
Level 5 bit3 bit2 bit1 bitO 


Level 4 1026 PCr; |$ 3FC 
Level 3 1021 PC, |$3FD 
Level 2 1022 $ 3FE 
Level 1 1023 PCy |$ 3FF 


PC,3~PCo: Program Counter 
ST: Status 
CA: Carry 





Figure 5. Configuration of Memory Register, Stack Area, and Stack Position 
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Table 1. Special Registers 


Name Address Bit Function 
PMRA $004 O Selects R32/INTO pin mode 
1 Selects R33/INT1 pin mode 
2 Selects R62/INT2 pin mode 
3 Selects R63/INT3 pin mode 
PMRB $005 0 Selects R42 pin circuit type (CMOS/NMOS open drain) 
1 Selects R52 pin circuit type (CMOS/NMOS open drain) 
2 Selects R82/Ri,y,, R83/R,.¢ pin mode . 
3 Disables input fix resistor MOS 
PMRC $006 0 Selects R70/TOB pin mode 
1 Selects R71/TOC pin mode 
2 Seiects R72/TOD1 pin mode 
3 Selects R73/TOD2 pin mode 
TMRA $007 0) Selects Timer A input clock 
2 
3 Resets Timer A 
TMRB $008 6) Selects Timer B input clock 
1 
2 
3 Enables auto-reload function 
TORB $009 1) Selects Timer B output mode 
1 
2 Selects PWM operation (Pulse Width Modulation) 
3 Not used 
TCBL/TLBL $O0OA 0 Low nibble of timer counter/timer load register (Timer B) 
1 
2 
3 
TCBU/TLBU $O00B 0 High nibble of timer counter/timer load register (Timer B) 
1 
2 
3 
TMRC | $00C 0) Selects Timer C input clock 
1 
2 
3 Enables auto-reload function 
TORC $00D 0 Selects Timer C output mode 
1 
2 Selects PWM operation 
3 Not used 
TCCL/TLCL $OOE 0 Low nibble of timer counter/timer load register (Timer C) 
1 
2 
3 
TCCU/TLCU $OOF 0 High nibble of timer counter/timer load register (Timer C) 
1 
2 
3 
TMRD $010 O Selects Timer D input clock 
1 
2 
3 Enables auto-reload function 
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Table 1. Special Registers (Cont'd.) 


Name 
TORD 


TCDL/TLDL 


TCDU/TLDU 


SMRA 


SCRA 


SRAL 


SRAU 


SMRB 


SCRB 


SRBL 


SRBU 


DCRO 


DCR1 


Address 


$011 


$012 


$013 


$014 


$015 


$016 


$017 


$018 


$019 


SO1A 


$01B 


$030 


$031 


WNH=OlLWH OWN —O]WH=O]WIN—O!lWIMlFIOlLWN=—O]lWNHAOlWIN SA OlWIN|-1OlWh 2 OlWh SF O]wWihy|-0 


Function 
Selects Timer D output mode 


Selects PWM operation 
Not used 
Low nibble of timer counter/timer load register (Timer D) 


High nibble of timer counter/timer load register (Timer D) 


Selects R42/SOA pin mode 

Selects R41/SIA pin mode 

Selects R40/SCKA pin mode 
Enables STS for SCIA 

Selects transfer clock source (SCIA) 


Not used 
SCIA data register low nibble 


SCIA data register high nibble . 


Selects R52/SOB pin mode 

Selects R51/SIB pin mode 

Selects R50/SCKB pin mode 
Enables STS for SCIB 

Selects transfer clock source (SCIB) 


Not used 
SCIB data register low nibble 


SCIB data register high nibble 
RO port data control register 


R1 port data control register 
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Table 1. Special Registers (Cont’d.) 


Name Address Bit Function 

DCR2 — $032 0 R2 port data control register 
1 
2 
3 

DCR3 $033 0 R3 port data control register 
1 
2 
3 

DCR4 $034 0 R4 port data control register 
1 
2 
3 

DCR5 $035 0 R5 port data control register 
1 
2 
3 

DCR6 $036 0 R6 port data control register 
1 
2 
3 

DCR7 $037 0 R7 port data control register 
1 
2 
3 

DCRB $03B 0 DO-D3 port data control register 
1 
2 
3 

DCRC $03C O D4-D7 port data control register 
1 
2 
3 

DCRD $03D O D8-D11 port data control register 
1 
2 
3 

DCRE $03E O D12—D 15 port data control register 
1 
2 
3 
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Registers and Flags 


The MCU has nine registers and two flags for CPU 
operations. They are illustrated in Figure 6 and de- 
scribed in the following paragraphs. 


Accumulator (A), B register (B): The 4-bit register ac- 
cumulator and B register are used to hold the results 
from the arithmetic logic unit (ALU) and to transfer 
data to/from memories, I/O, and other registers. 


W register (W), X register (X), Y register (Y): W register 
isa 2-bit, and X and Y registers are 4-bit registers used 
for indirect RAM addressing. Y register is also used for 
D-port addressing. 


SPX register (SPX), SPY register (SPY): The 4-bit regis- 
ters SPX and SPY are used to assist the X and Y regis- 
ters, respectively. 


Carry (CA): Stores ALU overflow generated by the 
arithmetic operation. It is affected by the SEC, REC, 
ROTL, and ROTR instructions. Carry is pushed onto 
the stack during interrupt servicing, and popped from 
the stack by the RTNI instruction, but not by the RTN 
instruction. 


Status (ST): Latches ALU overflow generated by the 
arithmetic and compare instructions, Not Zero from 


Preliminary HD404678 


the ALU, and results of bit tests. It is a branch condi- 
tion of the BR, BRL, CAL, and CALL instructions. The 
contents of the status treinain unchanged until the 
next arithmetic, compare, or bit test instruction is 
executed. ST becomes 1 after the BR, BRL, CAL, or 
CALL instruction is executed regardless if it is exe- 
cuted or skipped. The contents of the status are 
pushed onto the stack during interrupt servicing, and 
popped from the stack by the RTNI instruction, but 
not only by the RTN instruction. 


Program counter (PC): The 14-bit program counter 
points to the address of the instruction being exe- 
cuted. 


Stack pointer (SP): The 10-bit stack pointer contains 
the address of the stack area. SP is initialized to $3FF 
by MCU reset. It is decremented by 4 when data is 
pushed onto the stack, and is incremented by 4 when 
data is popped from the stack. Since the high nibble 
of SP are set to ‘‘1111"', the stack can be used for up to 
16 levels. SP is initialized to $3FF in two ways: MCU 
reset and RSP bit reset with the REM or REMD in- 
struction. 
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Figure 6. Registers and Flags 
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Reset 


The MCU is reset at the rising edge of the reset signal. 
This signal should be asserted high for at least tp. to 
stabilize oscillation at power-on and when cancelling 
stop mode. In all other cases, reset input signal must 
be asserted high for at least three instruction cycles to 


reset the MCU. 


Table 2. Initial Values after MCU Reset 


Preliminary HD404678 


From power-on to the beginning of normal oscillation, 
the MCU and I/O are undefined since reset input is 


not latched. 


Values initialized by MCU reset are shown in Table 2. 


Registers Initial Value Description 
Program Counter (PC) $0000 The program is executed from ROM 
start address. 
Status (ST) a The program performs conditional 
branch 
Stack Pointer (SP) $ 3FF The stack level becomes O 
1/0 Pin Output With pull-up MOS ports ROO-R53, a Pulled up with input state 
Registers DO-D9 (PDR) 
With pull-down MOS ports R60-R83, “0” Pulled down with input state. (R8 port 
D10-D 15 (PDR) is a dedicated input port.) 
Port Mode Registers A, C “0000” See port mode registers A, C section 
(PMRA, PMRC) 
Port Mode Register B (PMRB) “0000” See port mode register B section 
Data Control Registers “Q000” See data control register section 
(DCRO-7, DCRB-D) 
Interrupt Flag Interrupt Enable Flag (!/E) te 0 All interrupts are disabled 
Interrupt Request Flag (IF) “Qo” No interrupt request occurs 
Interrupt Mask (IM) ee Interrupt request is masked 
Mode Registers Serial Mode Registers A, B, “0000” See serial mode register section 
(SMRA, SMRB) . 
Serial Clock Registers A, B “000” See serial clock register section 
(SCRA, SCRB) 
Timer Mode Registers B—D “0000” See timer mode registers B—D section 
(TMRB-TMRD) 
Timer Output Registers B-D “0000” See timer output registers B—D section 
(TORB-—TORD) 
Timer Mode Register A (TMRA) “0000” See timer mode register A section 
Timer/Counter — Prescaler $000 Reset 
Serial Interface — Timer/Event Counters B-D (TCB-TCD) $00 Reset 
Timer Counter A (TCA) $00 Reset 
Timer Load Registers B—D $00 Reset 
(TLRB-TLRD) 
Octal Counter “000” Reset 
DTMF Receiver Tone Receiver Control Register (TRC) ““000” Reset 
Low-group Tone Receiver Mode $0 Reset 
Register (TRML) 
Tone Receiver Data $000 Reset 
Registers (TDLL, 
TDLM, TDLU) 
High-group Tone Receiver Mode $0 Reset 
Register (TRMH) 
Tone Receiver Data $000 Reset 


Registers (TDHL, 
TDHM, TDHU) 


Registers and flags except above become as follows after MCU reset. 
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Interrupt 


Eleven interrupt sources are available on the MCU: 
four external requests (INTO, INT1, INT2, INT3) and 
seven internal requests (Timer A, Timer B, Timer C, 
Timer D, Serial A, Serial B, DIMFR). For each source, 
an interrupt request flag (IF) and an interrupt mask 
(IM) are provided to control and maintain the interrupt 
requests. To control total interrupt operations, the in- 
terrupt enable flag (I/E) is provided. — 








Since the vector addresses are shared between Timer 
B and INT2, between Serial A and Timer C, between 
Serial B and Timer D, and between INT3 and DTMFR, 
determining which request occurs must be done by 
software. Interrupt function table is shown in Table 3. 


Interrupt control bits and interrupt processing: The 
interrupt control bits are mapped to addresses $000 
through $003, and $022 through $023 of RAM space 
and are accessed by the RAM bit manipulation in- 
struction. However, interrupt request flag (IF) cannot 
be set by software. The interrupt enable flag (I/E) and 
interrupt request flag (IF) are set to ‘‘0’’ and the inter- 
rupt mask (IM) is set to ‘‘1’’ by MCU reset. 


An interrupt control circuit block diagram is shown in 
Figure 7. Interrupt priority and vector addresses are 
shown in Table 4, and conditions of interrupt process- 
ing is shown in Table 5. When interrupt request flag is 
“1” and interrupt mask is ‘‘0’’, an interrupt request is 
generated. If the interrupt enable flag is ‘'1’’ at that 
time, interrupt processing activates. Then a vector 
address corresponding to the interrupt request is gen- 
erated from priority PLA. 


An interrupt processing sequence and flowchart are 
shown in Figure 8 and Figure 9, respectively. When an 
interrupt is received, the current instruction execu- 
tion finishes at the first cycle, then the contents of the 
carry, status, and program counter are pushed onto 
the stack in the second and third cycles, and the 
program jumps to the vector address area to restart 
instruction execution in the third cycle. For each vec- 
tor address area, the JMPL instruction must be pro- 
grammed to branch the starting address of interrupt 
routine. The interrupt request flag which causes proc- 
essing must be reset by software. 





After all other MCU reset 


The contents of the items just before 
MCU reset are not assured. It is neces- 


sary to initialize them by software again. sary to initialize them by software again. 


Table 2A. 

After recovering from STOP 
item mode by MCU reset 
Carry (CA) The contents of the items just before 
Accumulator (A) MCU reset are not assured. It is neces- 
B Register (B) 
W Register (W) 


X/SPX Register (X/SPX) 
Y/SPY Register (Y/SPY) 
Serial Data Registers A, B 


(SRA, SRB) 
RAM The contents of RAM just before MCU 


reset (just before STOP instruction) are 


retained. 
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Table 3. Interrupt Function Table 


Interrupt 
Source 


RESET 


INT1 


Timer A 
INT 2/Timer B 


Serial A/Timer C 


Serial B/Timer D 


INT3/DTMFR 


Note: Highest priority 


interrupt 
Generation 

RESET pin = “H” 
Variable voltage reset 
mode (Ryy > Rees) 
Timer A (WDT) 
overflow 

INTO pin falling edge 
detection 

INT1 pin falling edge 
detection 

Timer A overflow 
INT2 pin rising edge 
detection 

Timer B overflow 
Serial A transmit end 


Serial A transmit 
suspended 


Timer D overfiow 


Serial B transmit end 
Serial B transmit 
suspended 

Timer D overflow 
INT3 pin rising edge 
detection 


DTMF signal cycle 
measurement end 


Priority 
Note 


© High input to the RESET pin 


e Reset by watchdog timer mode 


® Reset by variable voltage reset mode 


Interrupt 
Vector 
Address Symbol 
$0000 
$0002 IFO 
$0004 IF 1 
$0006 IFTA 
$0008 IF2 
IFTB 
$OOOA IFSA 
IFTC 
$000C IFSB 
IFTD 
$OOOE IF3 
IFTR 
@ HITACHI 


$000 


$001 


$001 
$002 


$022 
$002 


$022 
$003 


$023 
$003 


$023 


Interrupt Mask 
Address Bit Symbol Address Bit 


IMO 


IM1 


IMTA 
IM2 


IMTB 
IMSA 


IMTC 
IMSB 


IMTD 
IM3 


IMTR 


interrupt Control Bit Address 
Interrupt Request Flag 


$000 


$001 


$001 
$002 


$022 
$002 


$022 
$003 


$023 
$003 


$023 
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Table 4. Vector Addresses and Inter- 
rupt Priority 


Vector 
Reset, Interrupt Addresses 
























INT2/TimerB 
[Serial A/Timer6 | 5 | $0008 
[SerialB/TimerD [| _6 | $0006 











Table 5. Conditions of Interrupt Processing 


Interrupt Source NT INT2/ SerialA/ SerialB/ INT3/ 
0 1 imer 
Interrupt Control Bit > TimerB TimerC | TimerD DTMFR 





*Don’t Care. 
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Interrupt 
Enable 


2 


Timer A 


INT2 


Timer B 


Serial A 


Timer C 


Serial B 


Timer D 


INT3 


DTMFR 


$000,0 
/E 


$000, 2 
1FO 


$000,3 


$001,0 
IF 1 
$001,1 
IM 1 
$001 ,2 
IFTA 


$001,3 
IMTA 


$002,0 
IF2 

$002, 1 
IM2 


$022,0 
IFTB 


$022,1 
IMTB 
$002 ,2 
\FSA 
$002 ,3 
IMSA 
$022,2 
\FTC 
$022,3 
IMTC 


$003,0 
IFSB 


$003, 1 
IMSB 
$023,0 
IFTD 
$023,1 
IMTD 
$003 ,2 
IF3 
$003,3 
IM3 
$023,2 
IFTR 


Ff 
oO 
N 
wo 
WwW 


IMTR 
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Sequence control 
* Push PC/CA/ST 
* Reset I/E 
‘Jump to Vector 
Address 


Priority Control PLA 


Vector Address 


Figure 7. Interrupt Control Circuit Block Diagram 
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Instruction 
Cycles 


Instruction 
Execution 


Stacking 


Interrupt Stacking. 


Accepted Reset of I/E Vector Address 


is Generated 


JMPL Instruction Execution 
on the Vector Address 


Instruction 
Execution at 
Starting Address 
of the Interrupt 
Routine 





Figure 8. Interrupt Servicing Sequence 
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Power 
ON 
YES 
Interrupt m YES 
Request © 
Yes 
Execute Interrupt 
Reset Instruction Accept 
MCU 








HES “O° 

Stack+ (PC) 
Stack+ (CA) 
Stack+ (ST) 


PC: (PC) +1 














INTo 
Interrupt 
? 










PC+ $0002 


PC+ $0004 
No 
Timer A 

PC+ $0006 











interrupt 
? 







INT2 

Timer B 

Interrupt 
? 






PC+- $0008 


PC+-$000A 


PC« $000C 







Serial A/ 
Timer C 
ipterpt 












Serial B/ 

Timer D 

Interrupt 
? 







No 


PC+ $000E (INT3/DTMER Interrupt) 


Figure 9. Interrupt Processing Flowchart 
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Interrupt Enable Flag (I/E: $000, 0): The interrupt en- 
able flag controls enable/disable of all interrupt re- 
quests. It is reset by interrupt processing and set by 
the RTNI instruction. (Table 6) 


Table 6. Interrupt Enable Flag 


interrupt Enable 

Flag (I/E) Interrupt 
0) Disable 

1 Enable 


External Interrupts (INTO, INT1, INT2, INTS): Four 
external interrupt pins are provided for the MCU. The 
external interrupt request flag is set at the falling 
edge of the INTO and INT1 inputs. It is set at the 
rising edge of the INT2, and INT3 inputs. 


When using INTO-INTS, the corresponding bit of port 
mode register A (PMRA: $004) selects external inter- 
rupt input. If port mode register A is set, the data 
control register of the corresponding pin is reset auto- 
matically, and external interrupt input is enabled. If 
port mode register A is reset, external interrupt re- 
quest flag is not set in spite of external interrupt sig- 
nal input and interrupt processing is not performed 
since the external interrupt input signal is masked. 


External Interrupt Request Flag (IFO: $000, 2 IF1: 
$001, O IF2: $002, 0 IF3: 003, 2): External interrupt 
request flags IFO and IF1 are set at the falling edge of 
the INTO and INT1 inputs. IF2 and IFS are set at the 
rising edge of the INT2 and INTS3 inputs. (Table 7) 


Table 7. External Interrupt Request 
Flag 


External interrupt Request Interrupt 
Flag (IFO, IF 1, IF2, IF3) Request 
O Disable 

1 Enable 


External Interrupt Mask (IMO: $000, 3 IM1: $001, 1 
IM2: $002, 1 IM3: $003, 3): The external interrupt 
request masks disable the interrupt request from the 
external interrupt request flags. (Table 8) 


Table 8. External Interrupt Mask 
Flag 


External Mask Flag Interrupi 
(IMO, IM1, IM2, IM3) Request 


0 Enable 
1 Disable (mask) 
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Low Power Dissipation Mode 


The MCU has two low-power dissipation modes, 
standby mode, and stop mode. The low-power dissi- 
pation mode functions are shown in Table 9, and 
MCU operation mode relationships are shown in Fig- 
ure 10. 


Standby Mode: The MCU enters standby mode when 
a SBY instruction is executed. In this mode, an oscilla- 
tor, interrupt, timer/counter, and serial interface (one 
of each) continue to operate, but all instruction- 
related clocks stop. This in turn stops the CPU, retains 
all RAM and register contents, and maintains current 
I/O pin status. The counter of the DTMF receiver con- 
tinues to operate and the receiver retains the mea- 
surement value. 


The standby mode is terminated by a RESET or inter- 
rupt request. After an interrupt request, the MCU re- 
sumes by executing the next instruction following the 
SBY instruction. Then, if the interrupt enable flag is 
1" the interrupt is processed. If the interrupt enable 


flag is ‘‘0’’, the interrupt request is left pending and 
normal instruction execution continues. 


MCU operating flowchart in standby mode is shown 
in Figure 11. 


Stop Mode: The MCU enters stop mode when a stop 
instruction is executed. In this mode, the oscillator 
stops, causing all MCU functions to also stop. 


The stop mode is terminated by a RESET as shown in 
Figure 12. Reset must be High for at least one tp, to 
stabilize oscillation. (See the ‘‘AC Characteristics’’ 
section). During stop mode, all RAM contents are re- 
tained. When the MCU resumes after stop mode, the 
accuracy of the contents of the accumulator, B regis- 
ter, W register, X/SPX register, Y/SPY register, carry, 
and serial data register cannot be guaranteed. 





Table 9. Low Power Dissipation Mode Function 


Condition 

Low Timer! 
Power Input/ Counter, 
Dissipation Oscillator Instruction Register, Interrupt Output Serial Recovery 
Mode Instruction Circuit Execution Flag Function RAM Pin Interface DTMFR Method 
Standby SBY Active Stop Retained Active Retained Retained2 Active Active RESET input, 
mode instruction interrupt 

request WDT 
Stop mode STOP Stop Stop RESET 1 Stop Retained High Stop Stop RESET input 


instruction impedance 


Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to tables 1 and 2 for the contents of the flags and registers. 
2. If an I/O circuit is active, an 1/O current may flow, depending on the state of I/O pin in standby mode. This is the additional current to the current 
dissipation in standby mode. 
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Figure 10. MCU Operation Mode Transition 
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Figure 11. MCU Operating Flowchart in Standby Mode 
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Stop Mode 


oseitator TTT _, Pr NNN 
Internal Clock SUIS 


3) 


STOP Instruction 


Execution (More than stabilization 


time: tpc) 





Figure 12. Timing Chart of Recovering from Stop Mode 


Internal Oscillator Circuit 


A block diagram of the internal oscillator circuit is 
illustrated in Figure 13. Crystal can be used as shown 
in Table 10. External clock operation is also available. 





Table 10. Example of Oscillator Circuits 


Oscillator 







External Clock 
Operation 









Crystal 1MQ + 20% 














C;: 10-22 pF + 20% 
C2: 10-22 pF + 20% 
Crystal: equivalent to circuit shown 
Co: 7 pF max. 
Crystal Oscillator R,: 100 2 max. 
i: 4.0 MHz (+ 0.01%) 






AT cut parallel 
resonance crystal 


osc, +4 L C, Rs OSC; 


Co 





Notes: 1. The above circuit constants are recommended values provided by the oscillator manufacturer. They may 
change according to stray capacitance from the resonator or board, so please consult with the crystal 
manufacturer to determine the actual circuit parameters required. 

2. Wiring between the OSC 1/OSC 2 pin and an element must be as short as possible, and never cross other 
wiring. See the recommended layout of the crystal in Figure 14. 
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Oscillator Circuit Generator 
1/8 Circuit 





Figure 13. Internal Oscillator Circuit 


= 





Figure 14. Layout of Crystal Oscillator 
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Input/Output 


The MCU has 48 input/output pins and 4 dedicated 
input pins. All the input/output pins except the dedi- 
cated input port R8 have data control registers (DCR) 
that control the data direction. All ports, however, 
feature either a programmable pull-up MOS or pull- 
down MOS. 


Several of the above pins are multiplexed with the 
input/output pins of peripheral circuits such as for the 
timer and serial interface. The peripheral circuit has 
priority on these pins. When set as a peripheral cir- 
cuit’s input or output, pin function and data direction 
for these pins are automatically selected accordingly. 


I/O buffer configuration with pull-up and pull-down 
MOS is shown in Figures 15 and 16. The software 
directed I/O circuit control is shown in Tables 11 and 
12. Several I/O types are available due to the combina- 
tions of the mode registers (PMRB, DCR, PDR) shown 
in these tables. 


PMRB bit 3 controls on and off of all pull-up and pull- 
down MOS’s. DCR and PDR control that of individual 
pins. 


D Port: The D port is an I/O port having 16 I/O pins 
accessible on a bit basis. A maximum current of 15 
mA can flow into each of the pins DO to D9, with a 
total maximum current of less than 105 mA. In addi- 
tion, D10-D15 can each act as a 10 mA maximum 
current source. 


Pins DO-D9 and D10-D15 incorporate program con- 
trollable pull-up MOS and pull-down MOS, respec- 
tively. Data direction is controlled by the D port data 
control registers (DCRB-DCRE). DCR registers are 
mapped to RAM. 


The D port can be set/reset with the SED/RED, SEDD/ 
REDD instructions and tested with the TD/TDD in- 
structions. 


R Port: The R port consists of 32 I/O pins and 4 dedi- 
cated input pins, and is accessible on a 4-bit basis. 
RO-R7 are I/O ports and R8 is an input port. RO-Rb5 
and R6-R8 have program controllable pull-up MOS 
and pull-down MOS, respectively. Pull-down MOS is 
controlled by PDR (Port Data Register) on a bit basis. 
The data direction of the I/O ports is controlled by the 
R port data control registers (DCRO-DCR7), which are 
also mapped to RAM. For the R port, the LRA/LRB 
instructions output the contents of the accumulator 
and B register through the port, and the LAR/LBR 
input instructions load port data into the accumulator 
and B register. Several of these pins are multiplexed 
with the I/O pins of peripheral circuits (Table 13). 


Port R8 is a 4-bit dedicated input port accessed in 4- 
bit units. The R82 pin operates in two modes, digital 
input mode and analog input mode (variable voltage 
reset mode). In digital input mode, R82 functions as a 
dedicated input pin with input characteristics the 
same as other I/O pins. In analog input mode, com- 
parison between a reference voltage input through 
R83/R,¢¢ and R82/Rpy input is performed. If the input is 
higher than the R,,; voltage, the system is reset. After 
a reset pulse is automatically generated synchro- 
nously with the system cycle for one cycle, the MCU 
preceeds to execute from a reset vector. These opera- 
tion modes are set by port mode register B (PMRB). 


In analog mode, an analog voltage comparator is acti- 
vated. To maintain required characteristics, analog 
Current continues to flow into the analog comparator 
while it is on. Consequently, current dissipation in- 
creases in analog mode. Accordingly, to reduce cur- 
rent dissipation, a program should be prepared which 
sets R82 to analog mode only during analog compari- 
son. Note that the analog comparator retains its pre- 
vious state in standby mode, although in stop mode, it 
is automatically turned off. 
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Pull Up MOS ou 


Input Control 





Figure 15. Configuration of I/O Buffer with Pull-up MOS 


Table 11. Programmable I/O Combination (-: OFF) 


Control Bit 


1/O Circuit 


Condition 
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Input Control 


oe 


PMOS 


Pull Down MOS P 





Figure 16. Configuration of I/O Buffer with Pull-down MOS 


Table 12. Programmable I/O Combination (-: OFF) 


Control Bit 


1/O Circuit 
Condition 


PME Bit 3 
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For the R8 ports, the LAR/LBR instructions load port 
data into the accumulator and B register. This input- 
only port cannot be written to. 


Data Control Registers ($030-$037, $03B-$03E): The 
data control registers (DCR) are 4-bit dedicated write 
registers which control the data direction of the I/O 
ports. DCRs are provided for the pins of the D port and 
RO-R7 ports as 4—bit registers to switch data direction 
on a bit basis (Table 14). 


Each port loads data from a pin or pins when func- 
tioning as an input port, and loads data from a data 
register when functioning as an output port. Conse- 
quently, even if output potential varies by load when a 
port functions as an output, output data can be read 
correctly. 


Since DCR is reset to ‘‘0’’ by reset input, all ports are 
inputs immediately after reset. To use a port as an 
output, the corresponding DCR must be set to ‘‘1”’ by 
a program initialization routine. 


- Port Mode Registers A, B, C ($004—-$006): The port 
mode registers are 4-bit dedicated write registers. 
PMRA, PMRB, and PMRC have the functions shown 
in Tables 15, 16, 17. 


PMRA controls the function of R32/INTO, R33/INT1, 
R62/INT2, and R63/INT3. These pins can be used as 
R-port pins when all bits of PMRA are initialized to 
a 8 hae 


Table 13. Multiplexed Pins of R Ports 


Multiplexed Pin 


INTo 
INT, (Timer B input) 


If 832/INTO or R33/INT1 is ‘‘Low’’ when bit O or 1 of 
PMRA is set, external interrupt request flag IFO or IF1 
is set. If R62/INT2 or R63/INTS is ‘‘High’’ when bit 2 
or 3 is set, external interrupt request flag IF2 or IF3 is 
set. 


PMRB controls R42, R52, R82/RIN, R83/R,,;, and pull- 
up MOS/pull-down MOS enable/disable of all ports. 
When bit 2 of PMRB is set to use the reset voltage 
variable function, and if a voltage higher than R,,; is 
applied to Ryy, the MCU will be reset. 


0 to V,,-1.2 V must be applied to R,,, to enable the 
analog comparator function. 


When bit 3 of PMRB is reset, pull-up/pull-down MOS 
attached to all ports are enabled and when it is set, 
they are disabled. While they are enabled, on/off of 
each pull-up/pull-down MOS can be controlled by bit 
settings in the PDR provided for each port. When 
PMRB bit 3 is initialized to ‘'0'’ by MCU reset, pull-up/ ° 
pull-down MOS of all ports are enabled. 


PMRC controls R70/TOB, R71/TOC, R72/TOD1, and 
R73/TOD2. These pins function as R-port pins when 
PMR is initialized to ‘‘0’’ by MCU reset. 


TOD1 and TOD2 are Timer D outputs which are actu- 
ally identical signals. By controlling bit 2 and 3 of 
PMRC, Timer D output signals can be output to either 
or both TOD1 and TOD2. 


Control Register 


SMRA 
SMRA 
SMRA, PMRB 


SMRB 
SMRB 
SMRB, PMRB 


INT2 (Timer C input) 
INT3 (Timer D input) 
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Table 14. Data Control Registers and Control Pins 





pcro | RO | ROT ROT RC 
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DCR3 R33 R32 
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Table 15. Port Mode Register A Function 


PMRA (Port Mode Reg. A) 


_—— saa So a R33/INT; 9 
er x os a eee eet ae 
ne ae ee 









Table 16. Port Mode Register B Function 


PMRB sine cetinn Mode Reg. es 


Pull Down MOS R83/Rro¢ (CMOS/NMOS) (CMOS/NMOS) 
Disabled 
Pin Function lee MOS R85, R83 CMOS CMOS 
eae 
Resistor MOS Rin: Rre¢ NMOS 
Disabled . 
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Table 17. Port Mode Register C Function 


PMRC (Port Mode Reg. C) 











I/O Pins Unused on the User System: If unused I/O 
pins are left floating, the LSI may malfunction due to 
noise. To prevent this, unused pins should be dealt 
with as follows: 


Ports with pull-up MOS—Pull up to V,,. through an 
incorporated pull-up MOS or a resistor of approxi- 
mately 100 kQ. 


Ports with pull-down MOS—Pull down to GND 
through an incorporated pull-down MOS or a resistor 
of approximately 100 kQ. 


Unused pins other than ports—Pull up to V,, through 
a resistor of approximately 100 kQ. 


During a programmed reset, the condition of unused 
pins must be retained. Accordingly, the data control 
register and any other registers related to these un- 
used pins must not be changed. 


Table 18. Timer Function 


ea ec ere 
f  Pin Ss sR3/TOD 2 R72/TOD, R71/TOC AEE 

risen Ode A ee 

SC 






Timer 
The MCU incorporates a prescaler and four timers. 


Timer A is an 8-bit free-running timer. Timer A is 
allowed to function as a watchdog timer with hard- 
ware reset. 


The prescaler is an 11-bit counter to which a system 
clock signal is input. The prescaler divides this sys- 
tem clock signal into several different clock signals 
and outputs these signals to different timers. A pre- 
scaler output signal is also used as a transmit clock 
for the serial interface. 


Timers B, C, and D are 8-bit versatile timers which 
can be respectively programmed as a free-running 
timer, reload timer, and PWM (duty variable pulse 
output). Timers B to D have I/O pins by which func- 
tions such as event counter or frequency variable 
clock output can be specified. 


Timer | TimerFunction —s| 


Watch: | Pin “Oo” “4” 
Pin ame ieee — 7 aie Name Toggle |Output |Output | PWM 


ae ee 
Finer free i6a1 ff Yves Jes es |= Fr rr 


Timer D | TID (R63) 





ae 


es [ves 
ies — ies — 
aie 


TOD2 (R73) 
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Prescaler: The prescaler is an 11-bit counter whose 
input is the system clock. After being initialized to 
$000 by MCU reset, the prescaler counts up by clock 
cycles. The prescaler outputs are fed to Timers A—D 
and serial interfaces A-B. The prescaler continues 
counting except during MCU reset and stop mode. It 
cannot be read from or written to, and its divide ratio 
can be independently programmed. 


Operation of Timer A: Functions as a free-running 
timer and a watchdog timer. 


Free-running timer operation—Timer A is an 8-bit 
count-up timer that increments with every input 
clock. 


; INTERNAL BUS LINE ($2) 


TMRB TORB 
TMRC (4 bit) TORC (4 bit) 
TMRD TORD 


TIMER B~D MPX 


foo) 

fee) N bf 

N - © 

= w N 
| ‘hl l 


PRESCALER(1 1 bit) 





When specified as a free-running timer, Timer A’s 
input clock is selected among the 8 clocks output by 
the prescaler using TCS2-TCSO of timer mode regis- 
ter A. 


When Timer A reaches $FF, it generates an overflow, 
and the Timer A interrupt request flag is set. Timer A 
then restarts counting from $00. The timer interrupt 
request flag is not reset even when an interrupt is 
accepted; it must be reset by an instruction in an 
interrupt processing routine. 


Timer A (free-running timer) is used to generate an 
interrupt at regular intervals. 


INTERNAL BUS LINE (S1) 


TLB, TLC. TLD 
(4 bit) 
ee Latch Reg.) 


TCB, TCC, TCD (8 bit) Output 


Control 


wk (Timer/Event Counter) Circurt 


TLBR, TLCR, TLDOR eae bit) 
(Timer Load eae 





4 
INTERNAL 8US LINE (S2) 


Figure 17. Timers B-D Block Diagram 
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Figure 18. Timer A Block Diagram 
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Watchdog timer operation—Timer A can function as 
a watchdog timer that increments with every input 
clock. When Timer A overflows, an internal reset sig- 
nal is generated. If WDTR of timer mode register A is 
set, Timer A is reset and begins counting from $00. 


A watchdog timer can reset and recover the MCU 
when control has been lost. ‘To enable the function, 
program must be prepared so that Timer A is reset 
within the cycle shorter than the prescaler output 
and the cycle counted by timer A. In such a program, 
an overflow is not generated during normal MCU op- 
eration, because the timer has been reset by the pro- 
gram. However, when the MCU is out of control, 
Timer A generates an overflow, and the MCU is reset. 


In watchdog timer mode, Timer A is initialized to $00 
with a reset signal via the RESET pin. When an over- 
flow is generated, an interrupt does not occur since 
the MCU has already been reset. The timer can be 
reset but cannot be written to or read. 


Operation of Timers B, C, D: Timers B to D are 8-bit 
multifunctional timers. Three operation modes—free- 
running, event counter, reload, and PWM-—are pro- 
vided by programming the timer mode registers 
(TMRB, TMRC, TMRD) and timer output registers 
(TORB, TORC, TORD). 


The timer/counters (TCB, TCC, TCD) count up with 
every input clock after being initialized to ‘‘00’’ by 
MCu reset. An input clock can be selected among the 
clock divided by the prescaler, and an external clock 


Table 19. Timer A Function 


item 

Prescaler Divide Ratio 

Timer Reset 

Interrupt Function 

Internal System Reset Function 


Timer Mode Register A (TMRA: $007): 4-bit write- 
only register. Timer mode register A function is shown 
in Figure 19 and Table 20. 


Timer Mode Registers B, C, D (TMRB: $008, TMRC: 
$00C, TMRD: $010): 4-bit write-only registers which 
control the auto-reload function, input source, and 
prescaler divide ratio of timers B, C, D as shown in 
Figure 20 and Table 21. These registers are initialized 
to $0 by MCU reset. 


Free-running Timer 


is available for the event counter. When selecting an 
external clock input, the interrupt mask bit of each 
external interrupt must be set to inhibit external inter- 
rupt since an external clock input pin is multiplexed 
with an external interrupt pin. 


The timer interrupt request flags (IFTB, IFTC, IFTD) 
are set if an input clock is supplied after the timer/ 
counters reach $FF. When auto-reload function is not 
specified, Timers B-D function as free-running tim- 
ers/event counters, and restart to count up from $00. 
When auto-reload function is specified, Timer B-D 
function as reload timers. In the reload mode, an over- 
flow signal causes the timer load register value to be 
loaded into the timer/counter, and the timer counts up 
from that value. 


Timers B-D also function as timer input/output cir- 
cuits. The timer output circuits varies output level 
when the clock after reaching $FF is input. By com- 
bining this circuit and the reload timer, several differ- 
ent cycle clock signals can be output. 


Timers B—D are set in PWM mode when the timer 
output register is programmed. The cycle of the pulse 
is 256 clocks, and the length of the ‘‘High’’ portion is 
the same value as that of the timer load register. A 
voltage level proportional to the value set in the timer 
load register can be obtained by combining PWM and 
a lowpass filter. 


Watchdog Timer 
Variable (8: + 2to + 2048) 
Possible (Write 1 to WDTR) 


Provided None 
None Provided 


The timer mode register value can be changed from 
the third instruction after executing the timer mode 
register write instruction. Timer initialization by the 
timer load register write instruction must be executed 
after the varied mode becomes valid. 


Timer Output Registers B, C, D, (TORB: $009, TORC: 
$00D, TORD: $011): 4-bit read/write registers which 
control the output mode, PWM output mode, the ex- 
ternal interrupt multiplexed with timer input pins of 
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Timers B—D as shown in Figure 21 and Table 22. By 
combining these modes and various mode of Timers 
B-D, several different frequencies and duty clock sig- 
nals can be obtained. When setting PWM output, the 
timer output pin functions as a PWM oulpul regard- 
less of timer output mode. Timer output register value 
becomes valid from the third instruction after the 
timer output register write instruction. 


Timer Counters BL, BU, CL, CU, DL, DU (TCBL: 
$00A, TCBU: $00B, TCCL: $00E, TCCU: $00F TCDL: 
$012, TCDU: $013), Timer Load Registers BL, BU, CL, 
CU, DL, CU (TLBL: $00A, TLBU: $00B, TLCL: $00E, 
TLCU: $00F, TLDL: $012, TLDU: $013): Timers B-D 
are 8-bit timers comprised of read-only timer counters 
and write-only timer load registers at the same ad- 
dress. Each register is divided into low and high nib- 
bles which are located at sequential addresses. 


The high data nibble is read from the timer/counter 
first. At the same time, the low nibble is latched into 
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the 4-bit timer latch register. When a low nibble is 
read, it is read from the latched register. Therefore, it 
is possible to read a high and low nibble at the same 
time. 


After data is written in the timer load register, it is 
loaded into the timer/counter and the timer begins 
counting from the loaded value. The low nibble must 
be written in the timer load register first. The timer 
mode register value is loaded into the timer/counter at 
the same time the high nibble is written to. The timer/ 
counter and timer load register are initialized to ‘‘$00"’ 
during reset. 


Timers B, C, D, Operation Modes: Various modes can 
be provided by Timers B-D by programming each 
timer mode register and timer output register. Pro- 
grammable operation modes are listed in Table 25. 
Timer output waveform examples are shown in Fig- 
ure 21. 


Bit 3: (WDTR: Watchdog Timer Reset): Resets Timer A when “1” is written to WDTR, after which Timer A begins counting 
from $00. 


Bits O-2: 


(TCSO-—TCS2: Timer Clock Select): Selects Timer A input clock source. These bits are initialized to ‘‘OOO” after reset. 





Figure 19. Timer Mode Register A 


Table 20. Input Clock Source Selec- 
tion for Timer A 


TCS2 TCS1 TCSO 




























Input Clock Source 


+ 2048 
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Bit 3: (RE: Reload Enable): Controls auto-reload function of Timers B-D. When RE is ‘1’, Timers B to D function as a reload 
timer. When it is “O”, they function as a free-running timer. RE is initialized after reset. 


Bits O-2: (TCSO-TCS2: Timer Clock Select): Selects clock source of Timers B-D. They are initialized to ‘‘OOO” after reset. 





Figure 20. Timer Mode Registers B, C, D 


Table 21. Input Clock Source Selec- 
tion for Timers B, C, D 


Timer Mode Register Bit ee 
Input Clock Sourc 
TCS2 “TCS1 TCSO ee 









At ed +2048 
ee es) 
+ 128 












1 
1 
*When external event input is selected, pins R33, R62, 
and R63 should have been set to INT input by PMRA. 
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3 2 1 0 


Not Used PW ME TOS1 TOSO 


R/W R/W R/W 


Bit 2: (PWME: Pulse Width Modulation): Controls the PWM function of Timers B, C, and D. When PWME is ‘1’', Timers B, 
C, and D are set to PWM mode. PWME is initialized to ‘“‘O” after reset. 


Bits O, 1: (TOSO-TOS1: Timer Output Mode Select): Selects output pin mode of Timers B, C, and D. These bits are initialized 
to “OO” after reset. 





Figure 21. Timer Output Register 


Table 22. Output Mode Selection of Timers B, C, D 


Register Bit 
Timer TOS1 Output TOSO Output Mode Function 
0) 0 — Output disabled 
0 1 Toggle output Output is reversed synchronously with timer overflow 
1 0 “O” output Low is output synchronously with timer overflow 
1 1 “1” output High is output synchronously with timer overflow 


Note: For timer output, pins R70, R71, R72, and R73 must be set to timer output mode by PMRC. 
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Table 23. Operation Modes of Timers B, C, D 


TORB, TORC, 
PMRA|PMRC} TMRB, TMRC, TMRD 


TORD : : : : Timers B-D 


Timer Input Pin | Timer Output Pin ; 
Bits Bits Function 
nae aa Bit 3 | Bit 2| Bit 1} BitO| Bit 2} Bit 1/BitO! | 


R70, R71, R72, 
O |TIB, TIC, TID 


mike 


Neither ““O” nor “1” affect operation. 


TIB, TIC, TID 
R33, R62, R63 


R33, R62, R63 


INTs, INT2, 
INT3 
INT;, INT, 
INT3 


R33, R62, R63 


R33, R62, R63 


INT;, INTo, 
INT3 
INT;, INTo, 
INT3 


TIB, TIC, TID 
TIB, TIC, TID 


R33, R62, R63 


INT1, INT2, 
INT3 


TIB, TIC, TID 


R73 

TOB, TOC, TODi., 
TOD2 

R7o, R71, R72, 
R73 

TOB, TOC, TOD, 
TOD2 

R7o, R71, R72, 
R73, 

TOB, TOC, TOD, 
TOD2 

R7o, R71, R72, 
R73 

TOB, TOC, TOD, 
TOD2 

R7o, R71, R72, 
R73 

TOB, TOC, TOD,, 
TOD2 

R7o, R71, R72, 
R73 

TOB, TOC, TOD,, 
TOD2 

TOB, TOC, TOD,, 
TOD» 

TOB, TOC, TOD,, 
TOD2 


TOB, TOC, TOD,, 
TOD2 


Event Counter 


Free-running 
Timer 


Reload Timer — 


Event Counter 
(with reload 
function) 


*4PWM 
(external clock) 





*2: Either or both TOR bits O and 1 are “1”. 
*3: One, two, or all TMR bits O-2 are “0”. 
*4: If the timer load register value is $00 when PWM output is selected, the timer functions as a free-running timer. 
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Reload Timer Output Mode — Toggle Output 
Data of Timer Load Register —~ N 


Free-Running Timer 


JS Lt 


| _ 256 Clocks | 256 Clocks | 


Reload Timer 


Jo Ly 


| (256-N) Clocks | (256-N) Clocks | 


vil ennai’ Reveptncwcinnd he 


(256-—N) Clocks 


256 Clocks 


N Clocks 


Note: Input clock source and its dividing ratio are controlled by the timer mode register 





Figure 22. Timer Output Waveform Examples 


Serial Interface 


The MCU incorporates two clock-synchronous 8-bit 
serial interfaces that are composed of serial data reg- 
isters, serial mode registers, serial clock registers, oc- 
tal counters, and multiplexers as shown in Figure 22. 


Two serial interfaces have identical function, however, 
the transfer clock and transmit speed can be set inde- 
pendently. Each serial interface also functions as a 
clock output. 
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Table 24. Serial Interface Function 


Item Function 

Transmit Format Clock synchronous serial interface (LSB transmitted first) 
Number of Transmit Bits __ 8 bits 

Transmit Rate 1/teye (500000 to 1/4096 x t,, (122) 


(toyc = Baud Rate at 2 ys: BPS) 


Operation Mode Transmit mode: transmit mode 
receive mode 
transmit/receive mode 
Special mode: clock output mode 


Transmit Clock Internal Clock (transmit clock output) 
External Clock (transmit clock input) 
Pin Serial Interface A Clock SCKA R40 I/O 
Data Input SIA R41 | 
Data Output SOA R42 O 
Serial Interface B Clock SCKB R50 1/0 
Data Input SIB R51 | 
Data Output SOB R52 O 


INTERRUPT 
REQUEST FLAG 
of SERIAL INTER- 

a FACE 


INTERNAL BUS LINE (S1) 


Lge MPX 
Za 
SRA, SRB (8 bit) 
SERIAL DATA REG. 
SCRA, SCRB (3 bit) SMRA, SMRB (4 bit) 4G 
SERIAL CLOCK SERIAL MODE 
REG. REG INTERNAL BUS LINE (S2) peu 
4 
INTERNAL.BUS LINE (S2) 


OC(3bit) 
SYSTEN PRESCALER(1 1bit) OCTAL SRAOF J !FSA 
CLOCK an COUNTER SRBOF IFSB 


SIA/R4, SOA/R42 
SIB/R5, SOB/R52 
PORT PORT 


SOA 
SCKB SOB 





Figure 23. Serial Interface Block Diagram 
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Serial Mode Registers A, B, (SMRA: $014, SMRB: 
$018: 4-bit read/write registers which control serial 
interface operation and the SCKA, SCKB, SIA, SIB, 
SOA, and SOB pins as explained in Figure 23. When 
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during serial interface operation, data transmission 
stops and the serial interrupt request flag is set. 

Serial mode register change becomes valid from the 
second instruction after the serial mode register write 


the serial mode register is written to, transmit clock 
stops to be supplied to the serial data register and 
octal counter, then the octal counter is initialized to 
$0. Therefore, if the serial mode register is written to 


instruction, so that the STS instruction must be exo- 
cuted two cycles after the serial mode register write 
instruction. The serial mode register is initialized to 
$0 by MCU reset. 





Table 25. Related Serial Interface Registers 


Serial Interface Register Name Abbr. Address Read/Write 
Serial Interface A Serial Mode Register A SMRA $014 R/W 

Serial Clock Register A SCRA $015 W 

Serial Data Register A (L) SRAL $016 R/W 

Serial Data Register A (U) SRAU $017 R/W 
Serial Interface B Serial Mode Register B SMRB $018 R/W 

Serial Clock Register B SCRB $019 W 

Serial Data Register B (L) SRBL SO1A R/W 

Serial Data Register B (U) SRBU $01B R/W 


3 2 1 O 
R/W R/W R/W R/W 


(STSE: STS instruction Enable): Controls the STS instruction which starts/stops serial transmission. If this instruction is 
executed when STSE is ‘’1”’, serial transmission begins. When STSE is “0”, serial transmission is inhibited regardless of 
the STS value. STSE is automatically reset after STS instruction execution. During reset, STSE is initialized to ““O’’. 


(SCKE: SCK Enable): Controls the transfer clock input/output pins for serial transmission. When SCKE is ““1’’, these pins 
are automatically set to input or output according to the type of transmit clock being used (internal/external). When SCKE 
is ‘O”’, these pins function as port pins. SCKE is initialized to ‘“O’’ during reset. 


(SIE: SI Enable): Controls the data input pins for the serial interface. When SIE is ‘1’’, the pins are automatically set to 
input. When SIE is ‘0’, they function as port pins. SOE is initialized to ‘““O” during reset. 


(SOE: SO Enable): Controls the data output pins for the serial interface. When SOE is “1”, the pins are automatically set 
to output. When SOE is “0”, they function as port pins. SOE is initialized to ‘‘O” during reset. 





Figure 24. Serial Mode Registers A, B 
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Serial Clock Registers A, B, (SCRA: $015, SCRB: 
$019): 3-bit dedicated write registers. These registers 
can be written to on a bit basis with the bit set/bit 
reset instruction other than on a nibble basis. 


Writing in the serial clock register becomes valid two 
cycles after instruction execution. Writing in the reg- 


ister initializes the octal counter to ‘‘000"’. If the serial 
clock register is written to during transmission, the 
octal counter becomes ‘‘000"’ to stop transmission, 
and the serial interrupt request flag is set at the same 
time. 


Bits 2-0 (SCS2-SCSO: Serial Clock Select): Select the input clock source for the serial interface. These bits are initialized to ‘’O”’ during 
reset. 





Figure 25. Serial Clock Register 





Table 26. Input Clock Sources 


eet Prescaler System Clock Baud Rate at 
ScS2 SCS1 SCSO SCKI/IO Clock Source Divide Ratio Divide Ratio teye = 2s (BSP) 
O O O 0 Prescaler —-2048 -4096 122 

¢) 0 1 0 Prescaler -512 -1024 488 

0) 1 @) 6) Prescaler -128 -256 1953 

0 1 1 0 Prescaler -32 -64 7812 

1 O 0) 0] Prescaler -~8 -16 31250 

1 O 1 0) Prescaler -2 —4 125000 

1 1 (@) 0 System Clock — —1 500000 

1 1 1 | External Clock — — — 


Note: If an internal clock is selected (transmit clock output: SCK I/O = O) when the SCKE bit of the serial clock 


mode register is ‘“’1’’, the clock input/output pin is auto 


matically set to output. When an external clock (trans- 


mit clock input: SCK I/O = I) is selected, the pin is automatically set to input. 
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Serial Data Registers AL, AU, BL, BU (SRAL: $016, 
SRAU: $017, SRBL: $01A, SRBU: $01B): The serial 
data registers are 8-bit registers which shift to the 
right (towards the LSB) with every transfer clock in- 
put. During serial transmission, the LSB is output 
through a data pin and ‘‘0”’ is written to the MSB. In 
transmit/receive mode, the LSB output and MSB in- 
put are performed at the same time. 


The serial data register is separated into low and high 
nibbles which are located at sequential addresses. 
Therefore, data read/write must be performed twice. 
Since data shift and data read/write are performed 
asynchronously, data read/write cannot be performed 
during serial data transmission. If read/write is exe- 
cuted during serial transmission, the accuracy of the 
data cannot be guaranteed. 


The serial data register cannot be reset. The value of 
the serial data register is undefined after reset. 


Serial Interface Operation: The serial interface is used 
to transmit data between the HD404678 and other 
devices. As shown in Figure 26, the clock pin, data 
input pin, and data output pin one device are con- 
nected to the respective clock pin data output pin, 
and data input pin of another device. If one- 
directional transfer is required, a data input pin anda 
data output pin are connected. For example, during 
serial transmission from the HD404678, the serial out- 
put pin of the HD404678 and the data input pin of the 
other device are connected. (The HD404678 can also 
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operate in receive mode.) Data transfer timing is 
shown in Figure 27. 


Proper transfer timing and AC timing must be imple- 
mented for serial transmissions to different devices. 


Note that the HD404678 transmits the LSB first, how- 
ever, some other devices transmit the MSB first. Ac- 
cordingly, the order of data conversion should be 
checked. 


STS Instruction and STSE Bit: The STS instruction 
(Start Serial) initiates two serial interface operation. 
Each serial interface has a STS instruction enable bit 
(STSE). When this bit is set, the STS instruction is 
executed. When both STSE bits are set, two serial 
interfaces operate with one STS instruction. Con- 
versely, when two STSE bits are reset, the serial inter- 
face does not operate even if the STS instruction is 
executed. To prevent conflict between two serial inter- 
faces, after the STS instruction is executed, the STSE 
bit is automatically reset at the following cycle. 


serial Interface Operation Mode: The serial interface 
operation mode is set with the serial mode register, 
and the serial transmit clock is set with the serial 
clock register. The serial interface has four operation 
modes: three transmit modes and a special mode. 
When the serial interface is set in any of these modes, 
the pins multiplexed with ports function as serial in- 
put/output pins. 


Table 27. Serial Interface Operation Modes 


Serial Mode Register Bit 


SCKE SIE SOE Serial Interface Operation Modes 
1 O 1 Transmit Mode Transmit Mode 
1 1 O Receive Mode Transmit Mode 
1 1 1 Transmit/Recieve Mode Transmit Mode 
1 O O Clock Output Mode Special Mode 
© HITACHI 
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HD404678 Other Device 
Serial Interface Serial Interface 


i Clock Output 


Data Output 


(a) Internal Clock (transmit clock output) 


HD404678 Other Device 
Serial Interface Serial Interface 


rere 


Data Output 


(b) External Clock (transmit clock input) 





Figure 26. Serial Interface Connection 
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Transmit mode: Data is transmitted synchronously 
with a transmit clock. At the same time, ‘‘0”’ is re- 
ceived by the MSB. 


Receive mode: Data is received via an input synchro- 
’ nously with the transmit clock. 


Transmit/receive mode: Data is transmitted and re- 
ceived simultaneously and synchronously with a 
transmit clock. 


Clock output mode: A transmit clock is output when 
transmit clock output mode (internal clock) is se- 
lected. The serial data register does not shift. 


Data Transmit Procedure: Four operating states are 
provided for the serial interface. Their interaction is 
shown in Figure 28. 


The serial interface is initialized in the transfer inhibit 
state in which the STS instruction and transmit clock 
are ignored. 


The serial interface is in a STS wait state if the STSE 
bit of the serial mode register of the desired serial 
interface is set. When the STS instruction is executed 
while the STSE bits of the serial interfaces 1 and 2 are 
both set, two serial interfaces can be controlled by 
one STS instruction. 


During a transfer clock wait state, an input to the 
transmit clock increments the octal counter, shifts the 
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serial data register, and starts serial transmission. If a 
clock output mode is selected by the serial mode reg- 
ister, the transmit clock continues to output without 
data transmission. 


During transmission, 8 clock inputs set the octal 
counter ‘'000”’ and also set the serial interrupt request 
flag. In this state, if the internal clock is selected, 
serial transmission is inhibited, and if an external 
clock is selected, the system enters a transmit clock 
wait state. If the serial mode register and the serial 
clock register are written to during transmission, the 
octal counter is set to ‘‘000’’, which stops transmis- 
sion, and, at the same time, the interrupt request flag 
is set. 


Transmit Clock Error Detection: The serial interface 
malfunctions when a spurious pulse caused by exter- 
nal noise conflicts with a normal transmit clock dur- 
ing transmission. A transmit clock error can be de- 
tected as shown in Figure 29. 


During a transmit clock wait state, more than 8 trans- 
fer clock inputs set the serial interface transmit state, 
and transmit clock wait state, and then transmit 
state. If the serial interrupt request flag (IFS) is reset 
after SMR has been programmed to enter a STS wait 
state, the serial interrupt request flag is again set. 


Transfer Clock | | | | | i a | 


Serial Output Data 


Serial Input Data 
Latch Timing 





Figure 27. Serial Interface I/O Timing Chart 
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Serial Transfer Inhibiting State 
(STS Instruction Disable 
Octal Counter = 000 
Transfer Clock Disable) 


Write to SMR, 
(Bit 3 is reset) 
Write to SMR | | Write to SMR 8 Transfer Clocks 
Write to SMR (Bit 3 is reset) (Bit 3 is set) (Internal Clock) 
(Bit 3 is reset) 
Write to SCR 


STS Waiting State 
(STS Instruction Enable 
Octal Counter = 000 
Transfer Clock Disable) 


Transfer Clock 


Transfer Clock Waiting State qatar Sue 
Bit 3 i ‘ ransfer 
MY Pine Ieee 8 Transfer Clocks (STS Instruction Disable 


STS Instruction Disable 
Octal Counter = 000) ~___(External Clock) Octal Counter = 000) 





Figure 28. Serial Interface Operation State 


Transmit/Recieve 
(IFS <— 1) 
interrupt Disable 


Programming SMR 
Transfer Clock 
Error Processing 


No 
Normal End 





Figure 29. Example of Transfer Clock Error Detection 
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DTMF Receiver 


The HD404678 incorporates a high-/low-group isola- 
tion circuit anda frequency measurement circuit for 
DTMF signal reception. A DTMF signal can be exam- 
ined by these circuits. A block diagram of the DITMF 
receiver is shown in Figure 30. 


The DTMF signal is generated by mixing two sine 
waves, one of four low-group frequencies (697, 770, 
852, 941 Hz) and one of four high-group frequencies 
(1209, 1336, 1477, 1633 Hz). The signal is used for 
communication using telephone lines. Figure 31 
shows a matrix of telephone push buttons and the 
DTMF frequencies. 


The DTMF signal is a mixed wave passed through a 
nonlinear telephone line, so that the receiver recog- 
nizes that the signal includes harmonic and inter- 
modulation components other than the two main fre- 
quencies mentioned above. 


DTMF Receiver Configuration 


High-/Low-group Isolation Circuit: A high-/low-group 
isolation circuit consists of a gain control pre- 
amplifier, an anti-aliasing filter, high-group/low-group 
band pass filters, and high precision comparators. 


The gain control pre-amplifier compensates for line 
loss and loss generated within a telephone set. 


The anti-aliasing filter is an analog filter to reduce 
sampling noise in a following SCF (Switched Capaci- 
tor Filter). It employs a second-order Sallen-Key cir- 
cuit having a cutoff around 8 kHz (typ). 


The high-/low-group band pass circuit is a sixth-order 
band pass filter comprising SCF. The rejection ratio of 
the low-/high-group is designed to be 32 dB. (Figure 
34) 
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The high-precision comparator incorporates an offset 
compensation circuit to detect the zero-crossing point 
of a signal isolated in high- and low-group. 


Frequency Measurement Circuit: The frequency 
measurement circuit is comprised of the following 
control sections, edge generation circuits, edge 
counters, period counters, data registers, and flags. 


The edge counter is a 4-bit counter whose value can 
be set from a half cycle up to 7.5 cycles. Several cycles 
are required to be examined to prevent malfunction 
due to voice characteristics. 


The period counter is a 10-bit counter. One bit is 
equivalent to 10 us for high-group and to 20 ps for low- 
group. 


The measurement value hold register is a 10-bit regis- 
ter holding three sequential addresses in RAM. 


To recognize a frequency, the period between zero- 
crossings must be measured by the edge and period 
counters. The period counter counts the time until the 
edge counter reaches the desired value. When the 
edge counter reaches the desired value, the value of 
the period counter at this time is fetched into the 
measurement value hold register. The edge and per- 
iod counters are then initialized to start measurement 
of the next cycle. At the same time, an load flag is set, 
by which the CPU acknowledges that a measurement 
value has been loaded into the measurement value 
hold register. The CPU can then recognize DTMF sig- 
nal transmission and code by examining whether the 
value corresponds to a DT'MF signal. 
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High-group 
Tone Interrupt 


High/low Frequency 
Group Measure- Decision 


Circuit Circuit 
Low-group Tone 





Figure 30. DTMF Receiver Block Diagram 


<«—— Row1 697Hz 


Row 2 770Hz 


Row3 852Hz 


IT | 


Row4 941Hz 


OO O10 
SLO OTS 
OOO 
SI O10, 6 


1633Hz Column 4 
1477Hz Column 3 
1336Hz Column 2 
1209Hz Column 1 


i 


Figure 31. DIMF Keypad and Frequencies 
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High- 
| High-group Filter | resolution 
(6th Order BPF) Comparator 


Anti-aliasing 
Filter 


High- 
Low-group Filter resolution 
(6th Order BPF) Comparator 





Figure 32. High-/Low- Group Isolation Circuit (Analog Block) 


Edge Generator Edge Counter | 


Measurement Value Hold Register _ Load Flag 


Period Measurement Counter 


Edge Generator Edge Counter 





Figure 33. Frequency Measurement Circuit (Digital Block) 
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Tone Receiver Mode Register (Low-group (TRML): 
$024, High-group (TRMH): $028): TRM retains the 
number of cycles to be measured by the frequency 
measurement circuit, and the value to be counted is 
set in the edge counter. 


The unit of the TRM value is a half cycle. In three- 
cycle measurement, $6 is set in TRM. The frequency 
measurement circuit is initialized to measure the per- 
iod of a signal by updating the value of TRM. 


When TERM is $0, the frequency measurement circuit 
stops. This mode is required when waiting for filter 
stabilization and when a signal is not being exam- 
ined. 


Tone Receiver control Register (TRC: $02C): TRC con- 
sists of 4 bits as shown in Table 28. 


TRON (bit 3)—‘Tone receiver enable bit. When this 
bits is set, an analog circuit and the period measure- 


ment circuit become active. Signal examination must 
be performed after at least 100 ms from the time this 
bit is set, since several tens of milliseconds is required 
to stabilize the analog circuit. 


HGLF (bit 2)—-HGLF indicates that data has been 
loaded into the data register of the high-group fre- 
quency measurement unit. This bit can be reset but 
cannot be set by software. 


LGLF (bit 1)—LGLF indicates that data has been 
loaded into the data register of the low-group fre- 
quency measurement unit. This bit can be reset but 
cannot be set by software. 


When the load flag has been set, the value of the data 
register is not updated even if the edge counter be- 
comes equal to TRM again. The load flag should be 
reset after the CPU performs the process described 
above. 


Table 28. Tone Receiver Control Register 


Frequency f (Hz) 
1000 1500 


High-Group Filter 


Low-Group Filter 





Figure 34. Frequency Characteristics of High-/Low- Group Isolation Circuit 
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Table 29. DTMF Receiver Registers 





Register 

Name Address Bit Function 

TRML $024 O Setting the number of measurement cycles of low-group frequency 
1 
2 
3 

TDLL $025 O Low-group frequency period measurement data (Bits O-3) 
1 
2 
3 

TDLM $026 O Low-group frequency period measurement data (Bits 4-7) 
1 
2 
3 

TDLU $027 O Low-group frequency period measurement data (Bits 8, 9) 
1 
2 Not used 
3 

TRMH $028 O Setting the number of measurement cycles of high-group frequency 
1 
2 
3 

TDHL $029 0 High-group frequency period measurement data (Bits O-—3) 
1 
2 
3 

TDHM $02A 0 High-group frequency period measurement data (Bits 4-7) 
1 
2 

ee 3 

TDHU $02B O High-group frequency period measurement data (Bits 8, 9) 
1 
2 Not used 
3 

TRC $02C 0 Not used 
1 Low-group measurement data load flag (1: Load end) 
2 High-group measurement data load flag (1: Load end) 
3 DTMF receiver enable (0: Disable, 1: Enable) 
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Addressing Modes 


RAM Addressing Mode 


The MCU has three RAM addressing modes as shown 
in Figure 35: register indirect addressing, direct ad- 
dressing, and memory register addressing. 


Register indirect addressing: The contents of registers 
W, X, and Y (10 bits) are used as RAM addresses. 


Direct addressing: The direct addressing instruction 
consists of two words. The contents of the second 


W Register 


Go ON Git ae a te Ne ee pee tN 


RAM Address 


word (10 bits) following the opcode are used as a RAM 
address. 


Memory register addressing: The memory register, 16 
addresses from $040 to $04F is accessed with the 
LAMR and XMRA instructions. 


X Register Y Register 


Register Indirect Addressing 


Instruction 1st Word 


RAM Address 


Direct Addressing 


Instruction 2nd Word 


Instruction 


CN 


RAM Address 


Memory Register Addressing 





Figure 35. RAM Addressing Mode 
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ROM Addressing Mode and the P Instruction 


The MCU has four ROM addressing modes, as shown 
in Figure 36. 


Direct addressing mode: The program can branch to 
any address in ROM memory space by executing the 
JMPL, BRL, or CALL instruction. These instructions 
replace the 14-bit program counter (PC13-PCO) with 
14-bit immediate data. 


Current page addressing mode: The MCU has 32 
pages of ROM (256 words per page). By executing the 
BR instruction, the program can branch to any ad- 
dress in the current page. This instruction replaces 
the low eight bits of the program counter (PC7 to PCO) 
with 8-bit immediate data. When BR is on a page 
boundary (256n + 255) (Figure 38), executing the BR 
instruction transfers the PC contents to the next phys- 
ical page. Consequently, the program branches to the 
next physical page when BR is used on a page bound- 
ary. The HMCS400 series cross macro assembler has 
an automatic paging facility for ROM pages. 


Zero page addressing mode: By executing the CAL 
instruction, the program can branch to the zero page 
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— 


subroutine area located at $0000-$003F. When the 
CAL instruction is executed, 6 bits of immediate data 
are placed in the low six bits of the program counter 
(PC5-PCO), and Os are placed in the high eight bits 
(PC13-PC6). 


Table data addressing: By executing the TBR instruc- 
tion, the program can branch to the address deter- 
mined by the contents of the 4-bit immediate data, 
accumulator, and B register. 


P instruction: ROM data addressed by table data ad- 
dressing can be referenced with the P instruction 
(Figure 37). When bit 8 of the ROM data is 1, 8 bits of 
ROM data are written to the accumulator and B regis- 
ter. When bit 9 is 1, 8 bits of ROM data are written to 
the R1 and R2 port output registers. When both bits 8 
and 9 are 1, ROM data is written simultaneously into 
the accumulator and B register and also to the R1 and 
R2 port output registers. The P instruction has no 
effect on the program counter. 
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Instruction 1st Word Instruction 2nd Word 
(JMPL) 
(BRL) 
(CALL) 


Program Counter 


Zero Page Addressing 


Instruction 


Program Counter PC,, PC,, PC,,PC,, PC, PC, PC, PC, PC, PC, PC, PC, PC, PC, 


Table Data Addressing 





Figure 36. ROM Addressing Mode 
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256 (n-1)+255 
256n 


256n+254 
256n+255 
256 (n+ 1) 





Figure 37. Branch Destination of BR Instruction on the Boundary between Pages 


Instruction 


lf ROe=1 


Output Register R1 R2 1R25 R22 R21 R20|/ R13 Rt2 R11 Rilo If ROs=1 


Pattern Output 





Figure 38. P Instruction 
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Instruction Set 


The MCU provides 101 instructions which are classi- 6. Compare instructions 
fied into 10 groups as follows: 7. RAM bit manipulation instructions 
eae 8. ROM address instructions 
5 Sen ane 2 Tp out pu iseteuctiane 
3. RAM address instructions aC: ONIONS UCHOnE 
4. RAM-register instructions Tables 30-39 list their functions, and Table 40 is an 
5. Arithmetic instructions opcode map. 


Table 30. Immediate Instructions 


WORD 
OPERATION OPERATION CODE FUNCTION | STATUS 
) pio a tO Oa a | : 
Load Memory from Immediate MID id | Aaa a eM ll 272] 















OPERATION 
Load A from B 
LBA 


al2 
See Note 





Note: An operand is automatically provided for the second word of LAW and LWA instruction by assembler. 
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Table 32. RAM Address Instructions 


Load X from Immediate 
Load Y from Immediate 
Load W from A 
Load X from A 


Exchange Y and SPY 


Exchange X and SPX, Y and SPY 





Note: An operand is automatically provided for the second word of LAW and LWA instruction by assembler. 
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Table 33. RAM-Register Instructions 


WORD . 
OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 


may foot oot 0 oy sae) fa 
Load A from Memory LAMD d Nie ee eee | Maa [| 272 | 
0 00 
0 










o) 
{ 
> 





(eo) 
Os) os 
CO} x 


oO. 


= Ag o 
ome me) 


ro) 
x | 








[toed Brom Memory === tao «| OOO TOO OOyx Maa RR) | 171 
[teed Memow fom A ——=*WAY «YOO 1 OO TOT ya [AMMU) | 171 
I ee eZ 
ACB) 
Exchange Memory and A a. 
Exchange Memory and B 


Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of LAM (XY) is given below). 
The op-code X or Y is assembled as follows: 


oO 
od 





oO; Oo 
Oj} x 


o|/oro 


oO |A-—)] 
= | 

= {AQ 
x jo 


oO}; o 
— 
_ 
— 
x 


< Qo<(|/o;jorfra< |< co< 


ro) 
oek-3aolo 
oo 
ORD O]|O!|oko 
oeao;l|oiok- = 
= 
i 
ed 
<x< 
I] 
Ow 
vv 
<x< 
ne 


Xo) 

Q 

QO ws) 
= (OQ 
ofa oO 
ofa o 
x Ao x 

<= 

i 

> 

NO 

\ 

NO 











Tam poop 
Ptamx fori xn SPX 
[iamy [tof y=spy__ 


(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of LMAIY (X) is given below). 
The op-code X is assembled as follows: 


MNEMONIC | x | FUNCTION 
way | o] 
LMAIYX X — SPX 
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Table 34. Arithmetic Instructions 


OPERATION . MNEMONIC OPERATION CODE FUNCTION STATUS 


Add Immediate to A A 10100 0i; i, i, At+ticA 


: | OVF 
Decimal Adjust for Addition DAR 0010100110 a See 
DAS | 0 
















N 


CLE 


= 
—_ —_ _— —_ —_ —_ —_— —_ oO 


Increment B 


Decrement B 


Decimal Adjust for Subtraction 00 1 101010 
NEGA 0001100000 A+1—-A 


Negate A 


Complement B COMB 


171 
171 


OVF 
NZ 

ae 
ce 
a 

mE 

1 

M+A>A | OvF | 1/1 

OVF 

| OVE 

| NB | 

| NB | 

NZ 

NZ 


Rotate Right A with Carry ROTR 0010100000 ae 
Rotate Left A with Carry ROTL 


li 
DAA 
DAS 
Set Carry SEC 
Reset Carry | REC 
C 
M 
MC 
SMC 





























Test Carry T 
Add A to Memory A 
Add A to Memory AMD d 


Add A to Memory with Carry 
Add A to Memory with Carry AMCD d 
Subtract A from Memory with Carry SMC 


OR A and B 
AND Memory with A 
AND Memory with A 





. 2 
A 


AUB=> 1/1 
ANM—A 1 
ANMD d | | | 7 | ANM—A NZ 2/2 


+71 
2/2 


27. 
171 
2/2 
2/ 



























OR Memory with A 











OR Memory with A 


> 
Cc 
<< 
{ 

> 











EOR Memory with A A@M—A 
EOR Memory with A EORMD d A@M=>A 2/2 


Note: : Logic AND 
U: Logical OR 
®: Exclusive OR 
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Table 35. Compare Instructions 


Immediate Not Equal to Memory 
Immediate Not Equal to Memory 


A Not Equal to Memory 
A Not Equal to Memory 
B Not Equal to Memory 


Y Not Equal to Immediate 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate - 













OPERATION CODE 


WORD 


a 
Cw 
— 


° 
° 
_ 
° 
= 


oO 20 20 
O- 1. O- 
Qos 1. (Q 4) . (Oo 
‘ 2oO 
ano ofCO ofA Oo 
2. © 

Oo 4 
oe a5 as 
= oO. 5 2.5 


oO 
.o) 
Oo 





aq 0 2A 0 

au) . ja) laoo 
° 
> 
= 


© 
io) 
LO OLo 
oO 
OQ wa) 2 QR 
2 
2 
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Table 37. ROM Address Instructions | 


OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
3 











WORD 
i: 






























































































Branch on Status 1 BR b 11 bbe bebe bbe bf ft | 1 
Long Branch on Status 1 y ° i 4 : Hi . Hy 1 2/2 
Long Jump Unconditionally a : 7 : i : a a my 2/2 
Subroutine Jump on Status 1 O 1 1 =#1 a a, a; a a a 1 1/2 
Long Subroutine Jump on Status 1 : : : . ; aa aa. ia | 1 2/2 
Table Branch 00 1 0 1 = 1 ps pz Pi Do 171 
Return from Subroutine 0000010000 173 
Return from Interrupt 000001000 1 a ST [ 1/3 








Table 38. Input/Output Instructions 


Set Discrete |1/O Latch 


Set Discrete |/O Latch Direct SEDD m 


Reset Discrete I/O Latch 
Reset Discrete |/O Latch Direct 1001 10mmm,m, 0 —- D (m) en ee 
Test Discrete |/O Latch D(Y) 











Test Discrete 1/O Latch Direct O m3;m,mM, My 
Load A from R-Port Register 1 m3m2M, Mo R(m)—-A Ee ell ee 
B 


Load B from R-Port Register O mz; m,M, Mo R (m)— 




















Load R-Port Register from A 1 m3;m.mM, Mo AR (m) 











Load R-Port Register from B O m;m,M, My B > R(m) 


Pattern Generation 1 Ps Pz Pi Po aia 











Table 39. Control Instructions 


OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS 
Stand-by Mode issy |0101001100 
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Table 40. Opcode Map 


= 
= 
= 
2s 


roiNiol+{2[s[4{sl[e[7|s/efaleiclolelrijol+[2}3j4/sje6j7/slelajelc|p| ele 
[0 |NoPksermseysSr ane [AM RM AW AM 
a RTNIRTI 2 ee a 
ILEM i(4) ILEMD i(4) 
LBM (XY) = loa 
RED 


owace Ba pal Ton 
p 


( 


Fi 
S| 
< 
Oo 
s 


x 

= 

wo 

x 

x 
= 
0 
5) 
= 






rn 


\ 


2 ee 
LX! i(4) 
AL A 


BAGS ove Soe eee Sew sekoes 


yA 

LAR m(4) ye 
REDD m(4) 
; LAMR m(4) 
Al i(4) 
LMIIY i(4) 
TDD m(4) 
ALE! i(4) 

LRB m(4) | 

LRA m (4) WA 
SEDD m(4) 
a XMRA m(4) 

L _}+- 1-word/2-cycle [__}-- 1-word/3-cycle V4 RAM Direct Address {__}-- 2-word/2-cycle 
Instruction Instruction Instruction Instruction 


(2-word/2-cycle) 
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Absolute Maximum Ratings 





Item Symbol Value Unit Note 

Supply Voltage Vec -0.3to + 7.0 V 

Terminal Voltage Vr -0.3 to Vee + 0.3 V 

Total Allowance of Input Current Lilo 105 mA 2 

Total Allowance of Output Current -Llo 60 mA 3 

Maximum Input Current lo 4 mA 4,5 
30 mA 4,6 

Maximum Output Current -lo 4 mA 7, 8 
20 mA 7,9 

Operating Temperature Tope -20to + 75 °C 

Storage Temperature T —-55to + 125 2C 


stg 
Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation should be 
under the conditions of Electrical Characteristics. !f these conditions are exceeded, it may cause a 
malfunction or affect the reliability of LSI. 
2. Total allowance of input current is the total sum of input current which flows in from all I/O pins to GND 
simultaneously. 
Total allowance of output current is the sum of output current which flows out from V¢< to all I/O pins 
simultaneously. 
Maximum input current is the maximum amount of input current from each I/O pin to GND. 
Di9—D 15, Ro-Rz. 
Do-Dg 
Maximum output current is the maximum amount of output current from V¢c to each I/O pin. 
Do—Dg, Ro-R7- 
Dio-Di5 


CONAAR w 
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Electrical Characteristics 


DC Characteristics 
(Veco = 5V + 10%, GND = OV,T, = —20to + 75°C, unless otherwise noted) 


item Symbol Pin Name Min. Max. Unit Test Conditions 
Input High Voltage Vin RESET 0.85 Vcc Vec + 0.3 Vv 
INTO, INT1 0.8 Vec Vec + 0.3 V 
INT2, INT3 
SCKA, SCKB 
SIA, SIB 0.8 Vcc Vcc + 0.3 V 
OSC1 Vec - 0.5 Vec + 0.3 V External Clock 
Operation 
Input Low Voltage Vit RESET -0.3 0.15 Vcc Vv 
INTO, INT1 -0.3 0.2Vcc V 
INT2, INT3 
SCKA, SCKB 
SIA, SIB -0.3 0.2Vec V : 
OSC1 -0.3 0.5 Vv External Clock 
Operation 
Output High Voltage Vou SCKA, SOA Vec - 1.0 V -loy = 1.0mA 
SCKB, SOB 
TOB, TOC 
TOD1, TOD2 
Output Low Voltage Voit SCKA, SOA 0.4 V lol = 1.6mA 
SCKB, SOB 
TOB, TOC 
TOD1, TOD2 
Input/Output Leakage — [Ij | RESET, OSC1 4 pA Vin = OV to Vec 
Current INTO, INT 1 
INT2, INT3 
SCKA, SIA 
SCKB, SIB 
Current Dissipation in = Icc¢ Vcc 5 mA Vec = 5V, fose = 
Active Mode 4 MHz DTMF receiver 
and analog comparator 
stop 
loo Vcc 20 mA Vcc = 5, fose = 
4 MHz DTMF receiver 
operates 
lecB Vcc 7 mA Vcc = 5. fose = 
4 MHz Analog 
comparator operates 
Current dissipationin = Igpy4 Vcc 3.5 mA Vec = 5V, fose = 
standby mode 4 MHz maximum logic 
operation 
ISBY2 Vcc 3 mA Vec = 5, fose = 
4 MHz minimum logic 
operation 
Current dissipation in = Ig top Vec 10 pA Vcc = 5V 
stop mode 
Stop mode retain Vstop 2.0 Vv 
voltage 
{ 
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Notes: 1. 


Output buffer current is excluded. 


2. The MCU is in the reset state. Input/output current does not flow. 
Test conditions: MCU: Reset 


oh ®@ 


Pin: RESET, TEST -Vcc 


. DTMEF signal receive mode. Input/output current does not flow. 
. Analog comparator operates and input/output current does not flow. 
. The timer operates with the fastest clock and input/output current does not flow. 


Test conditions: MCU: Standby mode 


Input/output— Reset state 
Serial interface —Stop 
Timer —Prescaler divide ratio is -2 
Pin: RESET —GND 
TEST—Vec 


6. Input/output current does not flow. 
Test conditions: MCU: Stop Mode 


Pin: RESET—GND 
TEST—Voc 


7. RAM data is retained. 





Input/Output Characteristics for Standard Pin 
(Veco = 5V + 10%, GND = OV, T, = —20to + 75°C, unless otherwise noted) 


Test 
Item Symbol Pin Name Min. Typ. Max. Unit Conditions Note 
Input High Vin RO-R8 0.7 Vcc Vec + 0.3 V 
Voltage 
Input Low 
Voltage Vit RO-R8 -0.3 0.3 Vcc V 
Output High Vou RO-R7 Vec - 1.0 V —loyH = 1.0 mA 
Voltage 
Output Low VoL RO-R7 0.4 Vv -lo, = 1.6mA 
Voltage 
Input/Output Nie! RO-R8 1 pA Vin = OVtoVcc 1 
Leakage Current 
Input High/Low VRinH R82 (variable VRre¢ + 0.1 V 
Voltage VR voltage reset VR. -01 
INL mode) ref 
Analog Input VRre¢ R83 0 Vec - 1.2 V 
Reference 
Voltage Range 
Pull-Up MOS lou RO—R5 20 100 200 pA Vcc = 5.0V, 
Current Vin = OV 
Pull-Down MOS lpp R6-R8 20 100 200 pA Vcc = 5.0V, 
Current Vin = 5.0V 
Note 1: Output buffer current is excluded. 
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Input/Output Characteristics for Large-Current Pins 
(Vec = 5V + 10%, GND = OV,T, = —20to + 75°C) 





Test 

Item Symbol Pin Name Min. Typ. Max. Unit Conditions Note 

Input High Von DO-D15 0.7 Vcc Vcc + 0.3 Vv 

Voltage 

Input Low Voltage Vy DO-D15 -0.3 0.3Vcc Vv 

Output High Vou D10-D15 2.0 V -loy = 10mA 

Voltage DO-D15 Vec - 1.0 Vv -loy = 1.0mA 

Output Low Voi DO-D9 2.0 Vv lo. = 15 mA 

Voltage DO-D15 0.4 V lo, = 1.6mA 

Input/Output Ine | DO-D15 1 pA Vin = OVtoVcc 1 
. Leakage Current 

Pull-Up MOS —lou DO-D9 20 100 200 pA Vec = 5.0V, 

Current Vin = OV 

Pull-Down MOS Ipp D10-D15 20 100 200 pA Vec = 5.0V, 

Current Vin = 5.0V 





Note 1: Output buffer current is excluded. 
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AC Characteristics 


(Veco = 5V + 10%, GND = OV, T, = —20°Cto + 75°C, unless otherwise noted) 


items Symbol Pin Name Min. Typ. Max. Unit Test Conditions Note 
Oscillation fosc OSC,,OSCy 1 4 4.5 MHz 
os = S Frequency 
® o & Instruction Cycle tcyc 1.78 2 8 BS 
> £9 Time 
om & © Oscillator Stabilization trc OSC,, OSC, 20 ms 1 
Time 
External Clock fop OSC, 1 4 4.5 MHz 2 
c Frequency 
% External Clock High —tcpy OSC, 82 ns 2 
® Level Width 
. External Clock tcp OSC, 82 ns 2 
Q Low Level Width 
O External Clock tcp, OSC, 20 ns 2 
© Rise Time 
£ External Clock tcps OSC, 20 ns 2 
us Fall Time 
Instruction Cycle Time tcyc 1.78 2 8 pS 2 
External Interrupt Signal High — ty INTo, INT, 2 toyc 3 
Level Width INTy, INT3 
External Interrupt Signal Low — ty INT, INT, 2 teve 3 
Level Width INT>, INT3 
RESET High Level Width tesTH RESET 3 teye 4 
Input Capacitance Ci. 15 pF f = 1 MHz, V;, = OV 
RESET Fall Time trstTt 20 ms 4 
Analog Comparator tcstB R82 (variable 2 teyi 5 
Stabilization Time voltage reset 
mode) 
DTMF Received Filter toTMER DTMF receive — oa 120 ms 6 
Stabilization Time mode 


Oscillator stabilization time is the time until oscillator stabilizes after Vcc reaches 4.5 V at power-on, or after RESET input 


goes high after cancelling stop mode. At power-on and during stop mode, RESET input must be applied for at least tec to 
ensure oscillation stabilization time. When using crystal oscillator, please contact oscillator marker since oscillation 
stabilization time depends on the circuit constant and stray capacitance. 


Notes: 1. 
2. See Figure 40. 
3. See Figure 41. 
4. See Figure 42. 
5: 
6. 
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Serial Interface Timing Characteristics 
(Vec = SV + 10%, GND = OV, T, = —20°Cto + 75°C, unless otherwise noted) 


At Transfer Clock Output 


Value 
item Symbol Pin Name Min. Typ. Max. Unit Test Conditions Note 
Transfer Clock Cycle Time toove SCKA, SCKB_ 1 tue Fig. 44 1, 2 
Transfer Clock High Level Width = tscxy SCKA, SCKB 0.5 tscye Fig. 44 1, 2 








Transfer Clock Low Level Width —tgcx, SCKA, SCKB_ 0.5 tscyc _ Fig. 44 1,2 
Transfer Clock Rise Time tsck, SCKA, SCKB 100 ns Fig. 44 1,2 
Transfer Clock Fall Time tscks SCKA, SCKB 100 ns Fig. 44 1,2 
Serial Output Data Delay Time tpso SOA, SOB 250 ns Fig. 44 132 
Serial Input Data Set-up Time tss) SIA, SIB 300 ns 1 
Serial Input Data Hold Time tus) SIA, SIB 150 ns 1 
At Transfer Clock Input 

Value 
Item Symbol Pin Name Min. Typ. Max. Unit Test Conditions Note 
Transfer Clock Cycle Time tscye SCKA,SCKB 1 teve 1 


Transfer Clock High Level Width tsckH SCKA,SCKB 0.5 tseyc 














Transfer Clock Low Level Width tscKL SCKA, SCKB 0.5 tscyc 1 
Transfer Clock Rise Time tsckr SCKA, SCKB 100 ns 1 
Transfer Clock Fall Time tscks SCKA, SCKB 100 = ns 1 
Serial Output Data Delay Time toso SOA, SOB 250 ns Fig. 44 1, 2 
Serial Input Data Set-up Time tgs) SIA, SIB 300 ns 1 
Serial Input Data Hold Time tus) SIA, SIB 150 ns 


—_ ; — 


Transfer Clock End Detection Time — tgcxyp SCKA,SCKB 1 t 


Notes: 1. See Figure 43. 
2. See Figure 44. 
3. Transfer Clock Completion Detect Time is the period of high level after 8 pulses of transfer clock are input. SCI interrupt 
request flag is not set when the next transfer clock is input before completion detect time has passed. 





DTMF Receiver Characteristics 
(Voc = 5V, GND = OV,T, = 25°C, fose = 4.00 MHz) 


Item — Min. Typ. Max. Unit Test Condition Unit Note 
Dynamic Range _ Valid Input Signal Levels (each -29.0 — +1.0 dBm 1,2,5 
composite signal tone) 
Noise Tolerance _ -16 _ dB 1,3, 5 
Hum Tolerance _ +20 _ dB 1,5 
Dial Tone Tolerance — 0 — dB 1,5 
Twist Positive/Negative Twist Accept _ +10 _ dB 1,5 
Accuracy Frequency Deviation Accept _ + 1.8 — % 1,5 
Frequency Deviation Reject _ +3.5 — % 1,5 
Speech Immunity — 2 — No. of Times 1,4, 5 


Notes: 1. Receiver characteristics are tested at the factory using a special program. 
. Reference power of 1 mW into a 600 2 load. 

. Total distortion is 300 Hz to 3.4 KHz. 

. MITEL standard tape is used. 

. Use Figure 45. 


ah WN 
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Crystal Oscillator 


| INTo, INT;, 
INT>, INT3 


Crystal [__J 





C2 Figure 41. Interrupt and Timer Input Timing 


Crystal: 4.0 MHz (Nippon Denpa Kogyo) 
C, =C, = 10 to 22 pF + 20% 





0.85Vcc 
Figure 39. Oscillation Circuit RESET o 1 5Vec 





Figure 42. Reset Timing 





Figure 40. External Clock Timing 


After 8 pulses of transfer 
clock are input 


SCK Veco—2.0V(0.8Vec)" 


0.8V(0.2Vec)’ tscKHD 


*Vec -2.0 and 0.8 V are the threshold voltages for transfer clock output 
0.8 Vcc and 0.2 Vcc are the threshold voltages for transfer clock input. 





Figure 43. Timing Diagram of Serial Interface 
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Vec 


Ri =2.6k0 
Test 
Point 
Cc R 1820740 





Figure 44. Timing Load Circuit 


> 0.02 40F 
>O.1uF 

: 220uF 
> 200kQ 
> 200kQ 
: 100kQ 





Figure 45. DTMF Receiver Measurement Circuit 


Package Dimensions Unit: mm (inch) 


FP-64A 


2.90(0. 114) max 


: | 0.1(0.004) 


(STAND OFF) 


14.0(0.551) 


0.15+0.05 
(0.006 + 0.002) 





© HITACHI 
884 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 


Preliminary HD404678 


HD404678 OPTION LIST 


Date of Order 


ROM Code Name 
LSI Type Number 





(1) Package 


Ml FP-64A 






(2) ROM Code Media 


ROM Code Media 
Mm EPROM On-Package Microcomputer Type 






Application Check List 


(3) Oscillator 


| CU) 4MHz Crystal 
L] 4MHz External Clock 


*Please enter check marks (MM, X, ~) in applicable item 
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HD4074709 


Description 

The MCU are 4-bit single-chip HMCS400 Type of Products 

series microcomputers providing high pro- 

gramming productivity. They incorporate Mask ROM type (* * *: ROM code) 
high-voltage I/O pins, a Vacuum Fluorescent 


Display (VFD) controller/driver, a pulse width Part No. ROM (Words) Package 

modulation output circuit, and a 32.768 kHz Sanne 
oscillator used for the precise watch. HD404708***S 8192 DP-64S 
HD404708***FS FP-64B 

HD404709***S 16384 DP-64S | 

Feature <=. . ey 
‘ HD404709***FS FP-64B 


@ 8192 words x 10 bits ROM (HD404708) in | 
16384 words Xx 10 bits ROM (HD404709) HD404709* *"H FP-64A 
16384 words xX 10 bits PROM (HD4074709) 
The PROM is compatible with the 27256 
ie e.) P ZITAT type 
576 digits <x 4 bits RAM 
56 1/O pins including 32 high-voltage Part No. ROM (Words) Package 
(max. 40V), high current (max. 15mA) HD4074709S 16384 DP-64S 
pins. jee ie et BS et oar See 
Three on-chip timer/counters HD4074709FS FP-64B 
Clock synchronous 8-bit serial interface eee ee ee ee ae 
14 bit PWM D/A converter HD4074709C DC-64S 
Four external (including two double-ed- ——_—_—___—_. —_—___— 
ged) and five internal interrupt sources HD4074709H FP-64A 
Subroutine stack which allows up to 16 _ ees 
levels including interrupts 
e Three low power dissipation modes: 

Standby mode, Watch mode, Stop mode 
@ Two builtin oscillators: System/subsys- 

tem oscillator . 
@ Instruction cycle time: 0.89us (Vcc = 3.5— 

6V) 
@ Modes: MCU mode 

PROM mode (HD4074709) 





Program Development Support Tools 


@ Cross assembler and simulator software for 
use with IBM PCs and compatibles 


@® In circuit emulator for use with IBM PC 


@ Programming socket adapter for program- 
ming the EPROM-on-chip device 
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Pin Arrangment 














































So - aw mo ts OD ox 
Dis/FS4 (C1 641_]1D,./FS CEOPNDHONY S FP PF w 
Dw /tSE12~ a SePReREaeseegR 
Dia/FS2 013 Sa €0000006 0-6 46 0 4 
Dis/FSol_] 5 60{_}D¢6/FSg RO,/FD,[ 1 2 IS SN SO Sif _]D3/FS12 
ROo/FDo[_] 6 59{_] Ds/FSi0 RO2/FD2[ | 2 50{___|D2/FS;3 
RO,/FD,((]7 58{_]D4/FS,, RO3/FD3, ~~] 3 49 ]4/F S10 
RO2/FD2L_}6 57} ID3/FS 12 R1o/FD,4[__| 4 48{_]Do/FS 
RO3/FD3[_]9 56{ _]D2/FSi3 oo 
R1o/FD,4 [ hio 55[ ]D,/FSi4 R11/FDs(_| 5 47|__} TEST 
R14,/FDs(_]i1 54{_] Do/FSi5 R12/FD6{_] 6 46] CL, 
R12/FDs(“}12_ HD404708S TEST Bis/FDy|_}7 45} Ch 
R13/FO7(}'3 Hp404709S 52[_]Cl2 R2o/FDa{_] 8 4D404708FS 44| _|GND 
R20/FOaC)'4 tp4074709S 81LICh Re y/Dal a? HD404709FS pe ae 
R2/FPsL4'S 4D4074709C 5°] GND R22/FDyo[_}10 HD4074709FS gO ce 
R22/FDi9 __}i6 49|_|OSC, R23/FD,, ie VW 4) | JRESET 
R23/FD1, ("417 48{_] OSC RAo[ 112 4o{] R95 
RAo{_}18 47{_]RESET RAi/Vaisp( 413 39| | R92 
nA Sle be ie = R3o/FDi2f_}14 38 {_JR9, 
o/FDy2[_J20 45 5 
R3,/FD aftr aa] R9, R3,/FDi3]  ] 15 37} | R9o 
R32/FDy4(_}22 43f] R9o R32/FDy4|_| 16 36{ _JR8, 
R33/FDy5 [__]23 42)_]R8, R33/FDi5| 17 35] | R8o 
RSo =" 411 _ [R85 R5o - 18 34 x R73 
R5,(_ jas 4o{_]R7 
R52[_]2s 29-172 mle caeaneneegsatr™ 
R53) j27 38] JR7, 
R6o/INTo[_]28 37{_]R7o/BUZZ SUUULWUILILLII 
R6,/INT, (_}29 36, ) R4,/PWM cf ib E E ESG6SasSNE 
RG, /INT2{_[30 35{_]R4,/SO eeaese 2t258 
R63/INT3 Ja: 34{_]R4,/s! cece ne oc ¢ rs 
Vec [__}32 | 33[_}R49/SCK (FP-64B) 
(DP-64S,DC-64S) (Top View) 
(Top View) ‘a 
re WY) 
Oi O_O hone > 
ecitliaqdaqc >> OO:.0:0,0 
PU EEE ET 
SOS SCSB HRS KHHKDKARKRBBE? 
RO,/FD,[_] 1 48{_]D,/FS,5 
R1,/FD,[_] 2 471 JO, 
As(_] 3 461 JOo 
Ax 4 451 JGND 
As[(_] 5 
Ao(_] 6 
Aio{_] 7 42{_] TEST 
Ait] 8 HD404709H aif] RESET 
Ai2f7 HD4074709H 
Vpp[_]10 
Ao(_] 11 
R59L_] 16 33[] R8, 





(FP-64A) 
(Top View) 
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-high- 
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aes 
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R9. Interrupt Control 


ROM 


Instruction Decoder 
RQ, 
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RQ 


R8, 


| 


= 


R8o 





R73 







R72 
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R7o/ 
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Pin Description 
GND, Vcc (Power) 


These are the power supply pins for the MCU. 
Connect the GND to the ground (OV) and 
apply the Vcc power supply voltage to Vcc. 


TEST 


TEST is used for test purposes only. TEST 
must be connected to Vcc. 


RESET 
RESET resets the MCU. 
OSC:, OSC2 


OSC: and OSC2 are input and output pin for 
the internal oscillator circuit. They can be 
connected to a crystal resonator, a ceramic 
filter resonator. In the case of an external 
oscillator circuit, an external clock signal is 
connected to OSC; and OSCz is open. 


Clu, CL2 


These pins are input pins for the 32.768 kHz 
crystal oscillator used for the precise watch. 


Do — Dis (D Ports) 


The D ports are input/output ports addressed 
by bit. Each port output consists of an open- 
drain PMOS8, which realizes high-voltage and 
high drive current capability on these port 
pins. These pins are multiplexed with the 
segment pins used for the VFD controller. 


RO — RA (R Ports) 
The R ports are 4-bit ports, except for R8 and 


RA which are addressed by 2 bits. R9 and RA 
are input ports and RO to R8 are input/output 


ports. While R4 to RY port pins are standard 
pins, RO to R3 and RA pins are high-voltage 
pins. Each RO to R3 output consists of an 
open-drain PMOS which realizes high-volt- 
age and high drive current capability on 
these port pins. These pins are multiplexed 
with the digit pins for the VFD controller. Port 
pins R49 to R43, R69 to R63 and R7po are multi- 
plexed with peripheral pins. 





INTo, INT:, INT2, INT3 (Interrupts) 


These signals externally interrupt the MCU. 
INT, can be also used as an external event 
input for timer B. INTo to INT3 are multiplexed 
with R60 to R63, respectively. 











SCK, SI, SO (Serial Communications 
Interface) 


The MCU is provided with a clock input/out- 
put (SCK), receive data input (SI), and trans- 
mit data output (SO) for a serial communica- 
tions interface. SCK, SI and SO are multi- 
plexed with R40 to R42, respectively. 


BUZZ (Timer Output) 


This pin outputs a variable-duty square wave. 
It is multiplexed with R7po. 


FD) — FDis, FSo — FSis (VFD Controller) 


FDo to FDis are the digit pins for the VFD 
(Vacuum Fluorescent Display) controller. 
They are multiplexed with port pins RO to R3. 
FSo to FSis are the segment pins for the VFD 
controller. They are multiplexed with the D 
port pins. 


PWM (PWM D/A Converter) 


This pin output a square wave from the PWM 
D/A converter. It is multiplexed with pin R43. 
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Functional Description 


ROM Memory Map 


The following paragraphs describe the ROM 
in detail. Figure 1 shows the ROM memory 
map. 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for the JMPL instruction which results in a 
branch to the starting address of the reset 
routine and the starting address of the inter- 
rupt service routine. After reset or interrupt 
execution, the program starts from the vector 
address. 


Vector Address 


Zero-Page Subroutine 
(64Words) 


Pattern 
(4096 Words) 


HD404708 
Program 
(8192 Words) 


HD404709/HD4074709 
Program 
(16384 Words) 





oMWnNnonnawn — Oo 


Zero-page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines to which the CAL 
instruction branches the program. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $O0FFF are reserved for ROM 
data which can be referred to as a pattern by 
the P instruction. 


Program Area 

($0000 to S1FFF : HD404708, 

$0000 to S3FFF : HD404709/HD4074709): 
Locations $0000 through $1FFF, $3FFF can 
be used for the program code. 


JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) 
JMPL Instruction 
(Jump to TIMER A Routine) 
JMPL Instruction 
(Jump to TIMER B Routine) 


JMPL Instruction 
JMPL Instruction 
fume we SERALINT Ruts on 


JMPL Instruction . 


—_> ad = 
NO = OO 


(Jump to KEYSCAN/INT3 Routine) | $ OOOF 


Figure 1. ROM Memory Map 
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RAM Memory Map 


The MCU contains 512 digits of 4-bit RAM for 
the data and stack areas. In addition to these 
areas, interrupt control bits, special function 
registers and a VFD data area are also 
mapped on the RAM. The following para- 
graphs describe the RAM in detail. Figure 2 
shows the RAM memory map. 


Interrupt Control Bit Area (S000 to $003, 
$020 to $023): This area is used for interrupt 
control. Figure 3 shows this area. It can be 
accessed only by the RAM bit manipulation 
instructions. 


The interrupt request flag cannot be set by 
software. The RSP bit resets only the stack 
pointer. The state of the LSON flag depends 
on the low power mode. The WDON flag is 
affected by the SEM and SEMD instructions 
only. 


Special Function Registers Area (S004 to 
S$01F, $024 to SO3F): This area consists of 
mode or data registers for external interrupts, 
the serial interface, the timer/counter, and 
data control registers for all I/O ports. There 
are three types of the registers: read-only, 
write-only and read/write. These registers 
cannot be affected by the RAM bit manipu- 


lation instructions. 


VFD Data Area (S060 to SO9F): This area 
stores the data to be displayed on the VFD. 
This data automatically appears in the VFD 
segment. Data “1” indicates the segment is 
ON and “O” indicates OFF. Also, this area is 
available as a data area. 


Data Area ($040 to SO4F, SOAO to $24F): 
Location $040 through $04F, the memory 
registers (MR), can be also accessed by the 
LAMR and XMRA instructions. Figure 4 
shows memory register area. 


Stack Area (S3CO0 to S3FF): Locations $3C0 
through $3FF are reserved for the stack area 
to save the contents of the program counter 
(PC), the status flag (ST) and the carry flag 
(CA) during subroutine calls (the CAL and 
CALL instructions) or during interrupt ser- 
vicing. One level of subroutine requires four 
digits, which allows the programmer to use 
up to 16 levels of subroutines. Figure 4 shows 
the stack area and saved data. The program 
counter is popped off the stack by the RTN 
and RTNI instructions, while the status and 
carry flags are popped off the stack only by 
the RTNI instruction. The unused area is 
available as a data area. 
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$ 000 ) $ 000 
RAM-mapped register 1 Interrupt Control Bits Area $001 
2 $ 002 





Memory Register (MR) $ 040 3 $ 003 
4| Port Mode Reg.A  (PMRA): W {$004 
$ O50 5] Serial Mode Reg. (SMR): W ]|$005 

| 6] Serial Data Reg. Lower (SRL) | R/W/$ 006 


Segment Data RAM $ O60 7| Serial Data Reg. Upper (SRU) !R/W|$ 007 





(64 Digits) | 8] Timer Mode Reg.A = (TMA); W_ [$008 
$ OAO 9] Timer Mode Reg. B (TMB): W {$009 

DATA 10] *Timer B (TCBL/TLRL) !R/W]$ 00A 
12] Miscellaneous Reg. (MIS): W [$0O0C 

$ 250 13] Timer Mode Reg.C (TMC)! W {$00D 

14] *Timer C (TCCL/TCRL) :R/W|$ OOE 

16] VFD Segment Reg. (FSR): W [$010 

17] VED Digit Reg. (FDR): W |$011 

$ 3C0 18] Dimmer Mode Reg. (DMR): W [$012 

Stack 19] VED Control Reg. (VCR) !R/W]$ 013 
(64 Digits) 20] Interrupt Mode Reg. (IMR): W J$014 
1023 $ 3FF 21] Port Mode Reg.B  (PMRB): W [$015 





22] PWM Data RegO (PWDRO); W |$016 
23{ PWM Data Reg 1 (PWDR1): W {$017 
24] PWM Data Reg 2. (PWDR2): W {$018 


25| PWM Data Reg 3 (PWDR3)' W |$019 


$ 020 


Interrupt Control! Bits Area 


$ 023 





same address. 521 Port R4 DCR (DCR4) W $ 034 
: 53] Port R5 DCR (DCR5): W |$035 
R : Read pa 54| Port R6 DCR (DCR6) : W |$036 

W : Write Only 
Sie 55| Port R7 DCR (DCR7) | W_]$037 
56| Port R8 DCR (DCR8): W |$038 

Not Used 

63 $ O3F 


$ OOA 










10] Timer/Event Counter B Lower : R 


Timer Load Reg. B Lower :W 
(TLRL) 


(TCBL) 
11] Timer/Event Counter B Upper ! R | Timer Load Reg. B Upper 'W $ OOB 
(TCBU) } (TLRU) : 






14 







Timer Counter C Lower : R $ OOE 
Timer Counter C Upper | R 
(TCCU) 


Timer Load Reg. C Lower |W 
Timer Load Reg. C Upper WwW 
~ (TCRU) ! 


Figure 2. RAM Memory Map 


15 $ OOF 








@ HITACHI 
892 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD404708/HD404709/HD4074709 


IMO IFO RSP i/E 
(IM of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 
IMTA FTA IM1 IFA | 
(IM of TIMER A) (IF of TIMER A) (IM of INT1) (IF of INT1) 
IMTC IFTC IMTB IFTB 
(IM of TIMER C) (IF of TIMER C) (IM of TIMER B) (IF of TIMER B) 
IMKS IFKS IMS IFS 
(IM of KEY SCAN) (IF of KEY SCAN) (IM of SERIAL) (IF of SERIAL) 


IF : Interrupt Request Flag 
IM_: Interrupt Mask 

1/E : Interrupt Enable Flag 
SP : Stack Pointer 


(Note) Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, reset by the REM/REMD instruction, and tested 
by the TM/TMD instruction. This bit is not affected by other instructions. Furthermore, IF (interrupt request flag) is not affected 
by the SEM/SEMD instruction. The contents of status become invalid when the RSP bit and the bits which do not exist are 
tested. 


bit 3 bit 2 bit 1 bit O 


WDON LSON 
(Watch Dog ON Flag) (Low Speed ON Flag) 


Reserved 


IM3 IF; IM> IF. 
(IM of INTs) (IF of INTs) (IM of INT») (IF of INT>) 


(Note) The WDON flag is set by the SEM/SEMD instruction and reset by the MCU reset. 
The contents of status become invarid when the WDON fiag and the bits which do not exist are tested. 





Figure 3. Interrupt Control Bits Area and Register Flag Area 


Memory Registers Stack Area 
go40 °°? [Lever_16 | $ 3C0 
$041 Level 15 
$ 042 Level 14 
$043 Level 13 
$044 Level 12 
$ 045 Level 11 
$ 046 Level 10 
$ 047 Level 9 bit3 bit2 bit bitO 
$ 048 Level 8 
$ 049 Level 7 
$ 04A Level 6 
$ 04B Level 5 
$ 04C Level 4 
$ 04D Level 3 
$ O4E Level 2 


$O4F 1023] Level 1 





PC,3—PCp); Program Counter 
ST; Status 
CA; Carry 





Figure 4. | Memory Register, Stack Area and Stack Position 
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Register and Flags 


The MCU has nine registers and two flags for 
CPU operation. The following paragraphs 
describe the registers and flags in detail. 
Figure 5 shows these registers and flags. 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results 
from the Arithmetic Logic Unit (ALU) as well 
as transfer data between memories, I/O and 
other registers. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The 2-bit W register and the 4-bit X 
and Y registers indirectly address the RAM. 
The Y register is also used for D port address- 
ing. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit SPX and SPY registers are used to 
assist the X and Y registers, respectively. 


Carry (CA): The carry flag (CA) indicates an 
overflow resulting from the ALU during 
arithmetic operation. It is also affected by the 
SEC, REC, ROTL and ROTR instructions. The 
content of the carry flag is pushed onto the 
stack during interrupt servicing, and popped 
off the stack by the RTNI instruction. This flag 
is not affected by the RTN instruction. 


Status (ST): The status flag (ST) indicates an 
ALU overflow and ALU non-zero during 
arithmetic or compare instructions and the 
result of the bit test instruction. Moreover, 
the status flag controls branches caused by 
the BR, BRL, CAL or CALL instructions. 
Whether these instructions are executed or 
skipped, the status flag is set to 1. The state of 
this flag remains unchanged until the next 
arithmetic, compare, bit test, and branch 
instruction is executed. During interrupt ser- 
vicing, the content of the status is pushed 
onto the stack, and popped off the stack by 
the RTNI instruction. This flag is not affected 
by the RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which holds 
the ROM address. 


Stack Pointer (SP): The stack pointer (SP) is 
a 10-bit register which indicates the next 
stack address. This pointer, which is initial- 
ized to $3FF, is decremented by 4 when data 
is pushed onto the stack, and is incremented 
by 4 when data is popped off the stack. The 
highest four bits are fixed to 1111, which 
allows the pointer to indicate up to 16 levels 
of subroutines. The stack pointer is initialized 
when the MCU is reset or the RSP bit is reset 
by the REM or REMD instructions. 
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B Register 
W Register 
X Register 
Y Register 
SPX Register 


SPY Register 


Carry 


Status 


Program 
Counter 


Stack 
Pointer 





Figure 5. Registers and Flags 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 895 


896 





HD404708/HD404709/HD4074709 


Reset 


The MCU is reset by setting the RESET pin to 
high level. At power-on or releasing the sys- 
tem oscillator from stop state, the RESET 
input must be applied for trc or for a longer 
period in order to stabilize the oscillator. In 
other cases, the RESET input for two instruc- 
tion cycles resets the MCU. Table 1 lists the 
initialization values for the registers and 
counters at the MCU reset. 


Interrupt 


The MCU has nine interrupt sources; external 
signals (INTo — INTs3), timer counter (timer A, 
timer B, timer C), serial interface, and key 
scanning. For each interrupt source, an inter- 
rupt request flag (IF), an interrupt mask bit 
(IM) and vector address are provided in order 
to control the interrupt request. The interrupt 
enable flag (I/E) allows interrupt service. 








Interrupt Control Bits and Interrupt 
Service: Locations $000 through $003 and 
$020 through $023 in RAM are reserved for 
the interrupt control bits. These bits can be 
accessed by the RAM bit manipulation 
instructions. The interrupt request flags are 
set only by signals from interrupt sources. 
The MCU reset initializes the interrupt enable 


flag and the interrupt request flags to 0 and 
the interrupt mask bits to 1. Figure 6 shows 
the interrupt control circuit block diagram. 
Table 2 lists interrupt priority and vector 
addresses for each interrupt source. Table 3 
lists the state of the interrupt control bits for 
interrupt service caused by each interrupt 
source. An interrupt request occurs when the 
interrupt request flag is set to 1 and the 
interrupt mask flag is set to O. In this case the 
interrupt enable flag is then set to 1, an inter- 
rupt occurs and a vector address correspond- 
ing to the interrupt source is then obtained 
from the PLA. 


The sequence and flowchart for interrupt 
service are shown in figures 7 and 8 respec- 
tively. If an interrupt is requested, the current 
instruction is completed in the first cycle. The 
interrupt enable flag is then reset in the sec- 
ond cycle. The contents of the carry flag, 
status flag and program counter are pushed 
onto the stack in the second and third cycles. 
In the third cycle the program routine jumps 
to the appropriate vector address and the 
interrupt routine is executed. The user must 
assign each vector address to the JMPL 
instruction which branches to the starting 
address of the interrupt routine. In the inter- 


rupt routine, the interrupt request flag must 


be reset by software. 
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Table 1. Initial Values at the MCU Reset 











Initial 

Registers value Description 
Program Counter (PC) $0000 The program is executed from address $0000 
Status (ST) —_ ee ae The program branches by branch instruction 
Stack Pointer (SP) $S3FF The stack level is set to O 
Interrupt Interrupt enable flag (I/E) O Any interrupts are masked 
flag/mask Interrupt request flag (IF) O No interrupt request occurs 

Interrupt mask (IM) 1 ____ Interrupt request is masked 
1/O Port data reg. (PDR) O Output O is enabled 

(high voltage pin) 

Port data reg. (PDR) 1 Output 1 is enabled 

(standard pin) 

Data control reg. (DCR) O Output buffer is OFF (in high impedance) 


Port mode reg. A (PMRA) 0000 See port mode register A section 
Port mode reg. B (PMRB) 0000 See port mode register B section 























Interrupt mode reg. (IMR) 0000 See interrupt mode register section 
Timer/ Timer mode reg. A (TMA) 0000 See timer mode register A section 
serial Timer mode reg. B (TMB) 0000 See timer mode register B section 
Timer mode reg. C (TMC) 0000 See timer mode register C section 
Serial mode reg. (SMR) 0000 See serial mode register section 
Prescaler S $000 ——— 
Prescaler W $00 = 
Timer counter A (TCA) $00 ———. 
Timer counter B (TCB) $00 —— 
Timer counter C (TCC) $00 — 
Timer load reg. B (TLR) $00 = 
Timer load reg. C (TCR) $00 — 
Octal counter OOO a 
VFD VFD segment reg. (FSR) 0000 See VFD segment register section 
VFD digit reg. (FDR) 0000 See VFD digit register section 
VFD dimmer mode reg. (DMR)OOOO See VFD dimmer mode register section 
VFD control reg. (VCR) 0000 See VFD control register 
PWM PWM data reg. (PWDR3-0) OOOO See PWM data register 
Bit Low speed ON flag (LSON) O See low power dissipation mode section 
register Watchdog timer ON flag 0 See timer C section 
(WDON) 
Miscellaneous reg. (MIS) 0000 See miscellaneous register section 


The following is the state of other registers and flags at the MCU reset: 


In canceling Stop mode by the MCU 


Registers reset In other cases at the MCU reset 
Carry (CA) The value before the MCU reset may be The value before the MCU reset may be 
Accumulator (A) changed. changed. 

B register (B) In this case the MCU must be initialized In this case the MCU must be initialized 
W register (W) by software. by software. 


X/SPX register (X/SPX) 
Y/SPY register (Y/SPY) 








Serial data register (SR) Same as above Same as above _ 
RAM The value before the MCU reset (the Same as above 
value before the STOP instruction exe- 
cution) 
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Table 2. Vector Addresses and Interrupt 


Priority 

Vector 
Reset and interrupt___ Priority address 
Reset $0000 
INTo 1 $0002 
INT} 2 $0004 
Timer A 3 $0006 
Timer B 4 $0008 
Timer C 5 $OO0A 
Serial, INT2 6 $000C 
KEY SCAN, INT3 7 $SOOOE 


Sequence Control 


+ Jump to Vector 
Address 


Vector 
Address 


Priority Control PLA 





Figure 6. Interrupt Control Circuit Block Diagram 
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Table 3. Interrupt Service Conditions 


Interrupt Source 

















Serial, Key Scan, 

Interrupt Control Bit INTo $INT, TimerA TimerB  TimerC  iINT2 INT3 
I/E 1 1 1 1 1 1 1 
IFO - IMO 1 0 0 0 0 0 @) 
IF1 + IM1 * 1 0 O O 0 0 
IFTA > IMTA * * 1 O 0 O 0 
IFTB - IMTB x * * 1 0 O O 
IFTC - IMTC 2 * * * 1 O 0 
IFS» IMS + IF2 -IM2 * * * x x 1 0 
IFKS-IMKS + IF3-IM3. * * * x * > 1 
* : Don't care 

Instruction 

Cycles 

1 2 3 4 5 6 


Instruction 
execution 


Stacking. 
Vector address 


Interrupt Stacking. 


Reset of !/E 
accepted eset of I/ is generated 


JMPL instruction execution on the 
vector address 


Instruction 
execution at 
starting address 
of the interrupt 
routine 





Figure 7. Interrupt Servicing Sequence 
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Interrupt 
Accept 


INTERRUPT 


1/E— O 
Stack<—(PC) 


Stack+(CA) 
Stack —(ST) 








| PC--¢ 0004 
=} 


PC+«-$000A 
r SERIAL 
es 
PC+-$ 000C INT; > 
Interrupt 
17 


PC<-$ OOOE No 


“| 
ACTIVE 


Figure 8. A Flowchart of Interrupt Servicing 







( r 
3 
Interrupt 
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Interrupt Enable Flag (I/E: $000, 0): The 
interrupt enable flag controls all interrupts. 
This flag is reset by interrupt service and set 
by the RTNI instruction. 





External Interrupts (INTo — INTs): The 
external interrupt input is activated by the 
port mode register (PMRA:$004, PMRB:$005). 
The external interrupt request flags IFO and 
IF 1 are set at the falling edge of INT> and INT. 
IF2 and IF3 are set at the rising and/or falling 
edge of INT2 and INT3 respectively. The con- 
tents of the interrupt mode register (IMR : 
$014) specify the active edges. Figure 9 
shows the interrupt mode register. 














The INT: can be used as a clock signal input 
to timer B. Then, timer B counts up at each 
falling edge of the INT;. In this case, the 
external interrupt mask flag (IM1) must be set 
so that INT: should not request an interrupt. 








External Interrupt Request Flags (IFO: 
$000, 2, IF1:S001, 0, IF2:$023, 0, IF3:$023, 
2): The external interrupt request flags, IFO 
through IF3, are set depending on the edge of 
INTo through INTs3 respectively. 








External Interrupt Mask (IMO0:S000, 3, 
IM1:$001, 1, IM2:$023, 1, IM3:$023, 3): The 
external interrupt mask bits mask an inter- 
rupt request caused by the external interrupt 
request flags. 


Timer A Interrupt Request Flag (IFTA: 
$001, 2): The timer A interrupt request flag is 
set when an overflow occurs in timer A. 


Timer A Interrupt Mask (IMTA:S001, 3): 
The timer A interrupt mask bit masks an 
interrupt request caused by the timer A 
interrupt request flag. 


Timer B Interrupt Request Flag (IFTB: 


$002, 0): The timer B interrupt request flag is 


set when an overflow occurs in timer B. 





Table 4. Interrupt Enable Flag 


Interrupt enable flag (1/E) Interrupt 
O Disable 
1 Enable 


Table 5. External Interrupt Request 





Flag 
External interrupt request Interrupt 
flag (IFO, IF1, IF2, 1F3) request 
O Disable 
1 Enable 


Table 6. External Interrupt Mask Flag 


Table 7. Timer A Interrupt Request 


Flag 
Timer A interrupt request Interrupt 
flag (IFTA) requests 
O Disable 
1 Enable 


Table 8. Timer A Interrupt Mask Flag 


Timer A interrupt mask flag Interrupt 





(IMTA) request 
O Enable 
1 Disable (mask) 


Table 9. Timer B Interrupt Request 
Flag (IF TB) 


External mask flag Interrupt 
(IMO, IM1, IM2, IM3) request Timer B interrupt request flag Interrupt 
0 Enable (IFTB) request 
eee O Disable 
1 Disable (mask) 
1 Enable 
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Timer B Interrupt Mask (IMTB:S002, 1): 
The timer B interrupt mask bit masks an 
interrupt request caused by the timer B 
interrupt request flag. 


Timer C Interrupt Request Flag (IFTC: 
$002, 2): The timer C interrupt request flag is 
set when an overflow occurs in timer C. 


Timer C Interrupt Mask (IMTC:S002, 3): 
The timer C interrupt mask bit masks an 
interrupt request caused by the timer C 
interrupt request flag. 


Serial Interrupt Request Flag (IFS:S003, 
0): The serial interrupt request flag is set 
when the octal counter counts eight transfer 


Table 10. Timer B Interrupt Mask Flag 


Timer B interrupt mask flag Interrupt 


(IMTB) request 
O Enable 
1 Disable (Mask) 


Table 11. Timer C Interrupt Request 


Flag 
Timer C interrupt request flag Interrupt 
(IFTC) request 
0 Disable 
1 Enable 


Table 12. Timer C Interrupt Mask Flag 


clock cycles or when data transfer is halted 
intermediately and the counter is reset. 


Serial Interrupt Mask (IMS:S003, 1): The 
serial interrupt mask bit masks an interrupt 
request caused by the serial interrupt request 
flag. 


Key Scan Interrupt Request Flag (IFKS: 
$003, 2): The key scan interrupt request flag 
is set when the VFD controller is put in the 
key scan mode. 


Key Scan Interrupt Mask (IMKS:S003, 3): 
The key scan mask bit masks an interrupt 
request caused by the key scan interrupt flag. 


Table 13. Serial Interrupt Request Flag 


Serial interrupt request flag Interrupt 


(IFS) request 
O Disable 
1 Enable 


Table 14. Serial Interrupt Mask Flag 


Serial interrupt mask flag Interrupt 


(IMS) request 
0 Enable 
1 Disable (Mask) 


Table 15. Key Scan Interrupt Request 
Flag 


Key scan interrupt request Interrupt 


Timer C interrupt mask flag Interrupt flag (IFKS) request 
(IMTC) request : 
0 Disable 
0 Enable . 
1 Enable 
1 Disable (Mask) — 
Table 16. Key Scan Interrupt Mask Flag 
Key scan interrupt mask flag Interrupt 
(IMKS) request 
0 Enable 
1 | Disable (Mask) 
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IMR3iIIMR2|IMR1 MRO 
= i The edge selection for INT 


___ The edge selection for INT3 








IMR 
Bit 3 Bit 2 The edge of INT3 to be detected 
0 0 No detection 
the falling edge 


1 
1 0 the rising edge 
1 both the rising and falling edge 


IMR hee 
Bit O The edge of INT>2 to be detected 

No detection 

the falling edge 

the rising edge 

both the rising and falling edge 





Figure 9. Interrupt Mode Register 
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Operating Modes 


The MCU has two internal oscillation circuits. 
The oscillation clocks are used in the state 
shown in figure 10. Five operating modes are 
available according to how the clock is used. 


Tables 17, 18, 19, show low power dissipation 
modes, the operations of low power dissipa- 
tion modes, and I/O state in low power dissi- 
pation modes, respectively. Figure 10 shows 
the transition of the MCU operation modes. 





Table 17. Low Power Dissipation Modes 


dcpy Note 2 
Active Stop 
drenNore | Active Active mode Standby mode 
(LSON = O) 
Stop Sub Active modeNote 3 Watch mode (TMA3 = 1) 
(LSON = 1) 


Stop mode (TMA3 = OQ) 


Notes: 1. dper : Clock signal for peripheral function except for time base. 


2. dcpu : System clock 
3. Sub Active mode is an optional mode. 
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Standby Mode Active Mode Stop Mode 
(TMA3= O ) 


Oscillate Oscillate Stop 
Oscillate Oscillate Oscillate 
Stop = teva = Stop 
Foye = Stop 
Interrupt fae Stop 


Oscillate SBY (Standby) Oscillate Stop 
Oscillate Oscillate Oscillate 
Stop = fave Stop 
fsus = fsus fsus 


fs. Interrupt i = Stop 


I 
| 
I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
L 


STOP 
SBY 
: Main System Oscillator 
: Sub System Oscillator Sub Active Mode STOP 
for Time-Base 


: fosc/4 Stop 


: foi /8 Oscillate Oscillate 
: System Clock Be fen INTo, _ Stop 
: Clock for time-Base ea fsue Time-Base* 1) | _ fai 

' OPER : Clock for other Stop Stop 

; Peripheral Function. STOP 

{LSON : Low Speed ON Flag SBY 

iLSON = O : ¢cpu =Main Oscillator 


LSON= 1 : ¢cpu =Sub Oscillator “ *1): Interrupt Source 


| 
| 
| 
| 
| 
| 
(TMA = 1, LSON= 1 ) 


Ma a ae ee 


( 
' 
t 





Figure 10. The Transition of the MCU Operation Modes 
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Table 18.. The Operations of Low Power Dissipation Modes 






poe oe 
300 oh em H/O//5: am 
ead a oe _ _ 


Operati ae m= Lo Dy 










sei 






= Wi 
ome [Rew |e 





iso rs [ew 7 VS = 
| vee ee = ete. + 
—— oo 














Reset 


Reset 


mesa | = & a 
: == See CD oo 





s31. GZ indic 
2. When decreasing Icc, stop illa by 
3. Refer to Table 19 
4. Only timing ge a res ae of the mode registers are retained. 
5. Refer to ae rupt fra 
6. If TMA3 is s a Ti me ae ae INTo switched to time-base function and interrupt, 
Laer 
7. Sub Active mode is an optio sb mode. 
8. VFD! tive, but it displays nothing bec the display data RAM stops working. 
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Active Mode: In Active mode, the MCU 
operates based on the clock generated by the 
system oscillator. 


Standby Mode: The SBY instruction causes 
the MCU to enter Standby mode. In this 
mode, the oscillator remains active and an 
interrupt, the timer/counter and serial inter- 
face are enabled. The CPU is halted, since the 
clock which executes instructions has 
stopped. The state of the the registers, RAM 
and I/O pins remains unchanged even after 
the MCU recover from Standby mode. 


A RESET input or an interrupt request can- 
cels Standby mode. In the case of the RESET 
input, the MCU is also reset. When an inter- 
rupt is requested, the MCU enters Active 
mode and an instruction next to the SBY 
instruction is executed. After this instruction 
is completed, if the interrupt enable flag is 
set, an interrupt is serviced; if the flag is reset, 
the interrupt request is suspended and the 
program routine is resumed. Figure 11 shows 
a flowchart of Standby mode. 


Stop Mode: When the STOP instruction is 
executed while TMA3 = O, the MCU enters 
Stop mode. In this mode, the system oscillator 
is halted, and the MCU enters stopped state. 


Stop mode is canceled by the RESET input, as 
shown in figure 12. In this case, the RESET 
input must be applied for a tro (stabilization 


time) (See AC characteristics section.). During 
Stop mode, the RAM holds its contents before 
the MCU entered this mode. After canceling 
Stop mode, the contents of the accumulator, 
B register, W register, X and SPX registers, Y 
and SPY registers, carry flag and serial data 
register can be changed. 


Watch Mode: The MCU enters Watch mode 
by the STOP instruction during Active mode 
and TMA3 = 1 or by the STOP or SBY instruc- 
tion during Sub Active mode. Watch mode 
can be canceled by the RESET input or timer 
A/INTo interrupt request. For a detailed 
description of the RESET input in canceling 
mode, see Stop mode section. If Watch mode 
is canceled by the timer A/INTo interrupt 
request, the MCU enters either Active mode 
or Sub Active mode depending on the state of 
the LSON bit. When the MCU enters Active 
mode, the interrupt request is delayed for a 
half of the interrupt frame period (trc) in 
order to wait stabilization of the system 
oscillation (figure 13). In this case, MCU 
operation is the same as that when canceling 
Standby mode (figure 11). 








Sub Active mode: When entering Sub 
Active mode, the MCU operates based on the 
clock generated by the 32.768 kHz oscillator 
through Cli and CLz. Table 19 shows MCU 
operation in Sub Active mode. As Sub Active 
mode is optional mode, the selection must be 
made in mask version orders. 


Table 19. The State of Input/Output in Low Power Dissipation Modes 


Output 


Standby Mode 
Do — Dis Hold/Peripheral function output 


RO — RA Hold/Peripheral function output 


Stop/Watch/ 
Sub Active Mode 


High impedance 
High impedance 


Input 

All Modes 
(input state) 
Input enable 
Input enable 


Note: Applying Vcc — 0.3 to GND + 0.3V to the input state pins generates current between Vcc and 


GND. 
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WATCH/STBY 


Oscillator Active 
Periprieral Clocks Stop/Active 
All Other Clocks Stop 


> = > 
c c = 
o Oo fo) 
> > > 
a a [sa] 
ed o n 


(SBY Only) 


(SBY Only) 


Processor Clocks ‘Processor Clocks 


Hardware NOP 
Execution 


RESET RECOVER (Execute Next Instruction) 


Figure 11. A Flowchart of Watch and Standby Mode 


(dummy cycle) 
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Stop mode 


oseitator TMM _, AO 
Internal clock = Om | ee 


RESET —————_—_—____-— 


STOP instruction execution 
(more than stabilization time: trc) 





Figure 12. Timing Diagram When Canceling Stop Mode 


Oscillation 
Watch mode stabilization | Active mode 
time 











Interrupt 
strobe 


i] 

i 

| ' 

Interrupt | _ ar a 

request ' 
tonly in , T T tre | 
entering a tp re 

t 

| t 

| 


Active mode) 


T=2xtgc: Interrupt frame period trc=Oscillation stabilization time 


Figure 13. Interrupt Frame 


MIS : $00C MIS 


soo [oe] SB 
0 O 0.12207 ms 

O 7.8125 ms 

1 

1 


1 
0 62.5 ms 
1 Not Used 


Select trc 


* Only when 32.768 kHz oscillation 
T: Interrupt frame period 
trc: Oscillation stabilization time 





Figure 14. Miscellaneous Register 
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Interrupt Frame: In Watch mode and Sub 
Active mode, the time-base clock (d¢éczx) is 
applied to timer A and the INTpo circuit. Pres- 
caler W and timer A operates as the time- 
base and generate the timing clock for the 
interrupt frame. The interrupt frame period 
(T) depends on the state of the miscellaneous 
register as shown in figure 14. 

In Watch mode and Sub Active mode, the 
timer A/INT> interrupt occurs synchronously 
with the interrupt strobe timing clock. When 
the MCU wakes up to Active mode from 
Watch mode, the interrupt request is delayed 
for a half of interrupt frame period (trc). The 
falling edge of INTo, which is input regardless 
of the interrupt frame clock cycle, is equiva- 











lent to that synchronous with the interrupt 
strobe clock just after the falling edge. An 
overflow and interrupt request in timer A 
occurs synchronously with the interrupt 
strobe clock. But, when MCU transfers the 
watch mode to the active mode through the 
timer A interrupt, INTo pin has to be high 
level. 





MCU Operation Sequence 


Figures 15,16 and 17 show the MCU operation 
sequence. The RESET is an asynchronous 
input, which resets the MCU regardless of the 
MCU state. 





Figure 15. A Flowchart of MCU Operation (1) 
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ACTIVE 













Interrupt Yes 
request 
? SL 
RECOVER 
Yes 
Instruction 
Fetch 
No 
PC Fetch 
~+ Next Complete 
location 
Yes 
Instruction 
Excution 
Yes STOP/SBY 
? 
INTERRUPT 
LOW POWER No 
so ee 7 Cpe te eae: 
' Low Power Dissipation 1 Interrupt 
! Mode Operation ! ' Operation ' 
! ! ee eR ETE aS | 
as ao Sins ee ss ee a ei 


Figure 16. A Flowchart of MCU Operation (2) (MCU operation cycle) 
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LOW POWER 


Interrupt 
Request ? 


SBY/STOP/WATCH 


SBY/STOP/WATCH 
mode 


Restart 
Processor Clocks 


Hardware NOP 
Execution 


RECOVER 


Figure 17. A Flowchart of MCU Operation (Low power dissipation mode operation) 
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Table 20. Examples of Oscillation Circuit 






Oscillation circuit Constant 
External clock eee : 
. xterna 
(OSC OSEa | Oscillator 
OSC, 
Open OSC, 
Ceramic filter Ceramic filter: CSA4.0OMG (Murata) 
oscillator : Rf = 1MQ +20%, Ci = C2 = 30pF +20% 
(OSC1, OSC2) 
Ceramic 
filter 
C2 
GND 
Crystal oscillator Rf = 1MQ +20%, 
(OSC;, OSC2) C, Ci = Co = 10—22pF +20% 
OSC, Crystal: equivalent to circuit shown below 
Crystal ER | Co = 7pF max. 
C OSC, Rs = 1000 max. 
e  f = 1.0 — 4.5 MHz 
| L Cs Rs | 
Co 
Crystal oscillator C, C; = Co = 15pF +5% 
(Cli, Cla) CL1 Crystal: MX38T(Nippon Denpa) 
ite Co = 1.5pF typ. Rs = 14kQ typ. 
ys f = 32.768 kHz 
CL2 
C2 
GND 
Co 


Notes: 1. Since the circuit constant changes depending on the crystal and ceramic filter resonator and 
stray capacitance of the board, it is recommended that the user should consult with the 
engineers of crystal or ceramic filter maker to determine the circuit parameter. 

2. Wiring among OSC:, OSC2, CL:, Clz2 and elements should be as short as possible, and 
never cross other wiring (see figure 19). 

3. If the 32.768 kHz crystal oscillator is not used, CL; pin must be fixed to GND and CL2 must 
be open. 
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Input/Output 


The MCU has 50 input/output pins and six 
input pins including 32 high-voltage, high- 
current pins which are multiplexed with the 


Y Mask Option 
O (B) type only 


with Pull-up 


Mask option MOS (B) MOS (C) 


VFD controller pins. The state of the output 
buffer of the standard pins depends on a 
combination of the port data register (PDR) 
and the data control register (DCR). 


CPU input 


Input control 


without Pull-up 


DCR 0 1 ) 1 
PDR 010 1 0 1 +0 


CMOS 
buffer 


PMOS -— - ON- - - 


NMOS - - ON- - —- ON - 


Pullup MOS ONONONON- —- - 
Notes: 1. [—] : OFF 


For R42/SO pin, PMOS (A) is OFF when setting bit 2 of the miscellaneous 


register (MIS2) to 1. 


R42/SO pin 
PMOS 


ON 
OFF 





Figure 20. Input/Output Buffer 
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D Ports: The D ports are input/output ports 
addressed by bit. The SED and SEDD instruc- 
tions set the ports, and the RED and REDD 
instructions reset them. The TD and TDD 
instructions test these pins. Port pins Do 
through Dis are multiplexed with the VFD 
controller pins FSj5 through FSo, respectively. 


R Rorts: The R ports are ports addressed by 
4 bits. The LAR and LBR instructions input 
data through these ports, and the LRA and 
LRB instructions output data through the 
ports. The state of the output buffer of R4 
through R8 depends on the data control reg- 
ister (DCR4 to DCR8). R40, R41, R42, R43, R60 to 
R63, R7o are multiplexed with SCK, SI, SO 
PWM, INTo — INT3 and BUZZ, respectively. 
Table 21 shows the R port circuit types. 











Mask Options: The HD4074709 selects a C 
type circuit (without pullup MOS) or a D type 
circuit (without pulldown MOS), as shown in 


table 21. The HD404709/HD404708 can also 
select the B type circuit (with pullup MOS) or 
the E type circuit (with pulldown MOS). In 
this case, however, these MCUs are not com- 
patible with the HD4074709. If the 
HD404709/HD404708 selects the E type 
(with pulldown MOS), the source of the pull- 
down MOS are connected to the Vdisp power 
supply through the RA:/Vdisp pin by the 
mask option. 


How to Deal with Unused I/O Pins: The 
state of unused pins must be fixed to Vcc in 
order to prevent the LSI from malfunctioning 
due to noise. Note the following cautions 
before connection. Without pulldown MOS 
and without pullup MOS are selected for high 
voltage pins and standard pins, respectively. 
The contents of PDR and DCR of target pins 
must be retained as in reset state. The target 
pins must not be selected as a peripheral 
function I/O pins. 
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Table 21. Input/Output Pin Circuit Type 


fee ee cl With pullup MOS (B) Without pullup MOS (C) 







Input 
control 3) D CPU input Input 
control ) D CPU input 












R99 — R93 


HLT 


CPU input ( : aE . 
e Input control CPU input 


SCK (output) Note 1 









Input 
control 









CPU input CPU input 


Standard pins 








Input 
control 


BUZZ 






CPU input 


SCK (input) Note 1 









Periph- 


eral 
input 
Input control CPU input 


Periph- 


po eral 
(>) input 
Input control 8. CPU input 
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Table 21. Input/Output Pin Circuit Type (Continued) 


| =—=——sds Without pulldown MOS (D) With pulldown MOS (E) 


CPU input 
CPU input ae 


Input 


control 
Input CPU input 
©) control LS. Ph input Vee 


Vaisp 
(Rao only) 


= 
Q 
a) 
0) 
O 
= 
O 
7 
ves 
2 
ae 


FSo — FSi5 
FDo — FDi5 


Input control CPU input 





Notes: 1. If the external clock is selected to the MCU as the clock source for the serial interface, SCK 
is used as an input pin. 

2. In Stop mode the MCU is internally reset and the selected peripheral function is canceled. 
The HLT signal goes to 1 and the I/O pins are put in high impedance. 

3. In Watch/Sub Active mode the HLT signal is 1 and the output pins are put in high impedan- 
ce. During these modes the pins selected to peripheral input or input/output must be fixed 
to input level, otherwise the current through Vcc and GND is generated. 

4. The mask option of the circuit type is shown in the following. The mask ROM type MCU is 
compatible with the ZTAT type only when the mask ROM type selects the C and D circuit 
type. 


C 
Product type 


Mask ROM 
type 
(HD404709 
HD404708) 
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MIS (Miscellaneous Reg.) ADR=$00C 







sie isa 


R4, /SO pin PMOS mode selection 
R7,/BUZZ pin mode selection 


SMR (Serial Mode Reg.) ADR=$005 


SMR3 | SMR2 [swat SMRO 


PMRA (Port Mode Reg. A) ADR=$004 


PMRA3/PMRA2/PMRA1|/PMRAO 








R4,/SCK pin mode selection 


R4, /SO pin mode selection 
R4, /SI pin mode selection 
R6_/INTo pin mode selection 
R6, /\NT, pin mode selection 


PMRB (Port Mode Reg. B) ADR=$015 


fee 
TONS 







R62 /INT2 pin mode selection 
R63 /INT3 pin mode selection 
R43 /PWM pin mode selection 






| MIS | Port 
| bit 3 | 


bit 3 Select 


0 | Re 
a 


Port ce Port e oar RA Port PM /PMRA. Port 
Select ee arian Select 






cre Port PMRB Port 
Select bit 1 





Figure 21. Pin Mode Selection Registers — 
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Timer 


The MCU contains two prescalers (prescaler 
W and prescaler S) and three timer/counters 
(timer A, timer B, timer C). Figures 22 and 23 
show the block diagrams of the timers. The 
function of the timers depend on the state of 
the bits as shown in table 22. 


Prescaler S: Prescaler S is driven by the 
system clock. This prescaler, after being 
initialized to $000 by the MCU reset, divides 
the system clock frequency. During Watch 
mode and Sub Active mode, dividing opera- 
tion stops and count value is retained. When 
the mode is canceled, dividing operation re- 


starts. From among the prescaler outputs the 
input clock of the timer and the transfer clock 
of serial interface are specified by timer mode 
registers (TMA, TMB, TMC) and serial mode 
register (SMR) respecitively. 


Prescaler W: Prescaler W is driven by the 
CL1 input clock divided by 8. This prescaler, 
after being initialized to $00 by the MCU 
reset, divides the input clock frequency. The 
input clock of the timer A may be specified 
from among prescaler W outputs, depending 
on the state of timer mode register A. In this 
case, prescaler W and timer A can be reset by 
software. 





Table 22. Selecting Functions of Timers 


A/B/C 

Timer A 

Condition Function 

TMA3 = O system clock base 
interval timer 

TMA3 = 1 time-base for watch 

Timer B 

Condition Function 

TMB2 — O X& 111 automatic reloading 
timer 

TMB2 — 0 = 111 event counter 

PMRA3 = 1 (using R6,/INT1) 


(tsuBcyc) 
Prescaler-W (5 bit) 


Oscillator 


Timer C 
Condition Function 
WDON = O automatic reloading 
(MIS3 = 1) timer 
(Square wave output 
circuit using R79/BUZZ) 
WDON = 1 watchdog timer 


Interrupt 
Request Flag 
of Timer A 





Figure 22. Timer A Block Diagram 
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Internal Bus Line (S1) 


TMB (4bit) 
Timer Mode Reg. B 


TLB (4 bit) 
Timer Latch Reg. B 


Timer B TCB (8bit) IFTB 
Timer/Event Counter B 


ERR Interrupt Request Flag 


f Ti B 
TLR (8bit) OF Eek 
Timer Load Reg. B 
mo : 


Internal Bus Line (S2) 


Prescaler-S (11 bit) 


Internal Bus Line (S1) 


BUZZ 
TLC (4bit) 


Timer Latch Reg. C Pulse Width Modulation Out 


Timer C MPX ee 8b 
Timer Counter C Interrupt Request 


PPP rT ey \ Flag of Timer C 


TCR (8bit) 
Timer Load Reg. C 


IFTC 


TMC (4 bit) 
Timer Mode Reg. C 


Internal Bus Line (S2) 


$020, 1 


(SET only) 





Figure 23. Timer B/Timer C Block Diagram 
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Timer A Operation: Timer A is initialized to 
$00, and then counts up at every input clock. 
If an input clock is applied to timer A after the 
timer is $FF, an overflow occurs and timer A 
is set to $00. The overflow causes timer A 
interrupt request flag (IFTA: $001, 2) to go to 
1, and the timer continues to count up from 
$00. Timer A is an interval timer in which an 
overflow occurs every 256 clock inputs. 


Timer A can also be used as the watch time 
base when the TMAS3 bit of timer mode reg- 
ister A is set to 1. The timer is driven by the 
32.768 kHz oscillator clock frequency divided 
by prescaler W. In this case, prescaler W and 
timer A can be initialized by software. The 
input clock of timer A is controlled by timer 
mode register A. 


Timer B Operation: Automatic reloading, 
input clock source and prescaler dividing 
ratio of timer B depend on the state of timer 
mode register B. When using the external 
event input as the input clock source of timer 
B, the R6,/INT; pin must be defined as INT), 
by the port mode register (PMRA: $004) and 
an interrupt must be masked by the external 
interrupt mask bit (IM1). 








Timer B is initialized to the value set in timer. 
load register by software, and is then in- 
cremented by one every clock input. If an 


input clock is applied to timer B after the 
timer is $FF, an overflow occurs. In this case, 
if automatic reloading is enabled, timer B is 
initialized to the initial value; if reloading is 
disabled, the timer is initialized to $00. The 
overflow sets the timer B interrupt request 
flag (IFTB: $002, 0). 


Timer C Operation: The automatic reload- 
ing, and the prescaler dividing ratio of timer 
C depend on the state of timer mode register 
C. Timer C is initialized to the value set in the 
timer load register by software, and is then 
incremented by one every clock input. If an 
input clock is applied to timer C after the 
timer is $FF, an overflow occurs. In this case, 
if automatic reloading is enabled, timer C is 
initialized to the initial value; if reloading is 
disabled, the timer is initialized to $00. The 
overflow sets the timer C interrupt request 
flag (IFTC: $002, 2). 


Timer C also functions as a watchdog timer. 
When the program routine goes out of control 
and an overflow occurs while the WDON flag 
is set, the MCU is reset. Moreover, timer C 
provides a variable-duty pulse output (BUZZ). 
The output waveform depends on the state of 
timer mode register C and timer load register, 
as shown in figure 24. During the pulse out- 
put, the R7o/BUZZ pin must be defined as 
BUZZ by the miscellaneous register. | 





TX (TCR + 1) 


T x (256-TCR) 


T: Input clock period to the counter. 
TCR: the value of timer load reg. C 








Figure 24. Variable-duty Pulse Output Waveform 
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Timer Mode Register A (TMA: $008): 
Timer mode register A is a 4-bit write-only 
register which controls timer A as shown in 
figure 25. This register is initialized to $0 by 
the MCU reset. 


Timer Mode Register B (TMB: S009): 
Timer mode register B is a 4-bit write-only 
register which determines whether or not the 
MCU provides automatic reloading and 
selects the input clock and the prescaler 
dividing ratio. This register is initialized to $0 
by the MCU reset. The contents of the regis- 
ter can be changed at the second instruction 
cycle following write instruction execution. 
Timer B must be programmed not to be 


TMA: $008 


rund fa 
K  / Select timer A 


input clock 
Select timer A 
input prescaler 


Figure 25. 


TMA3 TMA2 TMA1 TMAO 


0) 





initialized by the write instruction to timer 
load register until the timer mode is enabled. 


Timer Mode Register C (TMC: SOOD): 
Timer mode register C is a 4-bit write-only 
register which determines whether or not the 
MCU provides the automatic reloading and 
selects the prescaler dividing ratio. This reg- 
ister is initialized to $0 by the MCU reset. The 
contents of the register can be changed at 
the second instruction cycle after write 
instruction execution. Timer C must be pro- 
grammed so as not to be initialized by the 
write instruction to timer load register until 
the timer mode is enabled. 


Source prescaler, input Clock 
Period, operation mode 


PSS, 2048 teyc 
PSS, 1024 toc 
PSS, 512 toc 
PSS, 128 tec 
PSS, 32 teyc 
PSS, 8 teyc 
PSS, 4 tee 
PSS, 2 toye 
PSW, 32 tsuBcyc 
PSW, 16 tsuBcyc 
PSW, 8 tsuBeyc 
PSW, 2 tsuBcyc 
PSW, TCA reset 


O O 
Timer A 


mode 


— 


_ 


O 

1 

0 

1 

O 

1 

O 

1 

0 

1 

O 

1 

O 
a 

0 
ce 


tsuBcye = 244.14 us (when using 32.768 kHz 
crystal oscillator) 

teye=O0.9536us (when using 4.1943 MHz 
crystal oscillator with divide-by-4) 

Timer counter overflow output period (s) = 
Input clock period (S) x 256 


Timer Mode Register A 
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Timer B (TCBL: SO0A, TCBU: SOOB, TLRL: 
$00A TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each has a 
low digit (TCBL: $00A, TLRL: $00A) and a 
high digit (TCBU: $00B, TLRU: $OOB). 


The timer/event counter is initialized by 
writing data to the timer load register. In this 
case, the user must write data to the lower 
digit first. The timer/event counter is initial- 
ized to the value set in the timer load register 
with a write cycle of the higher digit. The 
timer load register is initialized to $00 by the 
MCU reset. 


TMB: $009 


| _{ Select timer B 
{ input clock 
{ Select automatic 
reloading 


automatic 
reloading 
disabled 
enabled 


Input clock period and 

TMB 2 TMB 1 TMB 0 input clock source 
0 0 2048 teyc 

512 teyc 

128 teyc 

32 teye 

8 teyc 

4 teye 

2 teye 





INT, (external event 
input) 


teye= 0.9536 us (when using 4.1943MHz crystal 
oscillator with divide-by-4) 


Figure 26. Timer Mode Register B 





Timer B count value is obtained by reading 
the timer/event counter. In this case, the user 
must read the higher digit first. The count 
value is latched at the time when the higher 
digit is read. 


Timer C (TCCL: SOOE, TCCU: SOOF, 
TCRL: SOOE, TCRU: SOOF): Timer C consists 
of an 8-bit write-only timer load register and 
an 8-bit read-only timer/counter. Each of 
them has a lower digit (TCCL: $00E, TCRL: 
$00E) and a higher digit (TCCU: $00F, TCRU: 
$OOF). Timer C operation is the same as that 
for timer B. 


TMC: $000 


racer 
eee aeenanee? 


= { Select timer C 
input clock 
Select automatic 
reloading 


automatic 
TMC 3 __ reloadin 
0 disabled 
_i___enabled 
TMC 2 TMC 1 TMC O Input clock period 
0 0 0 2048ty  — 
1024 teye 
512 teyc 
128 teyc 
32 teyc 
8 teyc 
4 teye 
2 teyc 


0 
0 
O 
0 
1 
1 
1 
4 


teye= 0.9536 us (when using 4.1943MHz crystal 
oscillator with divide-by-4) 





Figure 27. Timer Mode Register C 
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Serial Interface 


The serial interface transmits/receives 8-bit 
serial data. It consists of the serial data regis- 
ter, the serial mode register, the port mode 
register A, the octal counter and the multi- 
plexer (figure 28). The R4o/SCK pin and the 
transfer clock signal are controlled by writing 
data to the serial mode register. The serial 
data register can by read and written by 
software. The contents of this register can be 
shifted synchronously with the transfer clock 


signal. 


The serial interface is activated by the STS 
instruction. The octal counter, which is 
initialized to $0 by the STS instruction, starts 
to count at the falling edge of the transfer 
clock signal (SCK) and is incremented by one 
at the rising edge of the clock signal. When 
the counter is reset after eight clock signals 
are input or when data transmission is dis- 
continued, the serial interrupt request flag is 
set. 





Table 23. Serial Interface Operation Modes 


SMR 3 PMR1 PMR O Serial interface operation modes 


1 O 0 Clock Continuous Output mode 
1 O 1 Transmit mode 
1 1 O Receive mode 


Transmit/Receive mode 


Syst 
eet - Prescaler (11 bit) 


eae 
N 
“|. 


gGHEL 


Internal Bus Lt 


SMR (4 bit) PMRA (4 bit) 
Serial Mode Port Mode 
Reg. Reg. A 


internal Bus Line | ($2) | 


Port 


(ex) scx 


ede 





OC (3 bit) 
Counter 


Interrupt 
Request Flag 
of Serial Inter- 
face 


ne (S1) 


SCK SR (8 bit) 


Serial Data Register iM 


Internal Bus Line  (§2) | | 


R4,/Sl | R42/SO 
‘Port Port 


& SI (7) so 


Figure 28. Serial Interface Block Diagram 
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Serial Mode Register (SMR: $005): The 
serial mode register is a 4-bit_write-only reg- 
ister which controls the R40/SCK pin and the 
transfer clock signal. When data is written to 
this register, the serial interface is internally 
initialized. Write signal to the serial mode 
register discontinues the transfer clock to the 
serial data register and octal counter, resets 
the counter to $0, and sets the serial interrupt 
request flag if previous value of octal counter 


SMR: $005 


Sion 


Select transfer clock 


Select R49/SCK pin mode 


R40/SCK 
Used as R409 port input/output pin 


Used as SCK input/output pin 


SMR2 SMR1 SMRO R4)/SCK Port Clock Source 


0 0 


—_— | oo —_ —" oO oO oO oO 


7 
0 
1 
0 
1 
O 
1 


SCK Output 
SCK Output 
SCK Output 
SCK Output 
SCK Output 
SCK Output 
SCK Output 
SCK Input 


Prescaler 
Prescaler 
Prescaler 
Prescaler 
Prescaler 
Prescaler 


System clock 


was not $0 (figure 29). 


The contents of the serial mode register is not 
valid until the second instruction cycle after 
the write instruction execution. The user 
must program the STS instruction to be 
executed after this instruction cycle. The 
serial mode register is initialized to $0 by the 
MCU reset. 


Transfer Clock 


Prescaler 
Divide Ratio 


+ 2048 


Transfer Clock 
Period 


4096 teyc 
+ 512 1024 toyc 
+ 128 256 teyc 
> 32 64 toyc 

8 16 toyc 

2 A teyc 


1 teyc 


External clock 


teye=0.9536us (when using 4.1943MHz crystal oscillator with divide-by-4) 





Figure 29. Serial Mode Register 
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Serial Data Register (SRL: $006, SRU: 
$007): The serial data register is an 8-bit 
read/write register which consists of a lower 
digit (SRL: $006) and a higher digit (SRU: 
$007). The data in this register is output from 
the least significant bit (LSB) through the SO 
pin synchronously with the falling edge of 
the transfer clock. External data is then writ- 
ten to the register from the LSB through the 
SI pin synchronously with the rising edge of 
the tranfer clock. Figure 30 shows the timing 
chart for the transfer clock and data input/ 
output clock. 


The serial data register must not be read or 
written until the data transmission is com- 
pleted. If the register is read or written dur- 
ing the data transmission, the data may be 
changed. 


Serial Interface Operation Modes: Table 
23 lists the serial interface operation modes. 
The user must specify the state of the port 
mode register and serial mode register as 
listed in the table. In changing the operation 
modes, the serial interface must be internally 
initialized by writing data to the serial mode 
register. 


The State of Serial Interface: The serial 
interface is provided with three different 
states as shown in figure 31. In STS waiting 
state, the serial interface is internally initial- 
ized. In this case, even the transfer clock 


input does not enable the serial interface. 
When the STS instruction is executed during 
this state, the serial interface system enters 
SCK waiting state. If the transfer clock is 
applied to the MCU during this state, the 
interface system enters transfer state, which 
enables the octal counter and the serial data 
register. In this case, if the system is in the 
clock continuous output mode, the system 
remains in SCK waiting state and the transfer 
clock is continuously output. 


If eigth transfer clock cycles are applied to 
the MCU or the STS instruction is executed 
during the clock transfer state, the octal 
counter is reset to 000 and the interface sys- 
tem enters the SCK waiting state. When the 
system is changed from the transfer state to 
another state, the counter is reset to OOO, 
which sets the serial interrupt request flag. 


When the internal transfer clock is used, the 
STS instruction triggers the transfer clock 
output. The clock output is stopped after 
eight clock cycles. When data is written to 
the port mode register during the SCK wait- 
ing state or transfer state, the serial interface 
must be internally initialized by writing data 
to the serial mode register. After performing 
a write to the serial mode register, the serial 
interface system is put in the STS waiting 
state. 


Transfer Clock LPL LLL 


Serial Output Data 


Serial Input Data 
Latch Timing 





Figure 30. Serial Interface Timing Diagram 
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Example of Transfer Clock Error Detec- 
tion: The serial interface system malfunc- 
tions when an external noise pulse is super- 
imposed over the transfer clock pulse. Such 
errors can be detected through the procedure 
shown figure 32. 


For example, if, after eight clock cycles, the 
transfer clock continues to be applied to the 
MCU during transfer clock wait state, the 


state of the serial interface system is changed 
to transfer state. This state remains un- 
changed for next eight clock cycles, and the 
system is then changed to SCK waiting state 
again. The serial interrupt request flag must 
be reset before entering the serial interface 
system into the STS waiting state by writing 
data to the serial mode register. This proce- 
dure sets the interrupt request flag again. 


STS Waiting State 
Cais Counter =000 


Transfer Clock Disable 


Transfer Clock 


SCK Waiting State 
(Octal Counter =000) 


STS Instruction 
(IFS<—1) 





Transfer State 
(Octal Counter +000) 


Figure 31. Serial Interface Operation State 


Transmit/Receive 
(IFS <— 1) 


Interrupt 
Disable 


IFS<0O 


Write to 
___SMR_ 


fi 


No 


Normal End 


Yes 


Transfer Clock } 
Error Processing 


Figure 32. Example of Transfer Clock Error Detection 
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VFD (Vacuum Fluorescent Display) 
Controller 


The MCU has a controller which controls up 
to 16 digit pins and 16 segment pins and a 
high-voltage, high current driver, which 
enables easy VFD display operation. The 
controller part consists of the VFD data RAM, 
the VFD control register (VCR), the dimmer 
mode register (DMR) and the display timing 
generator. The driver part consists of 32 high- 


INTERNAL BUS (S2) 


voltage, high current pins, the VFD segment 
register (FSR) and the VFD digit register 
(FDR), which specifies the display format 
from 8 segments X 2 digits up to 16 segments 
x 16 digits. 


One display frame is divided into 17 periods. 
16 periods are used for VFD, and 1 period is 
used for key scanning. When key scanning is 
enabled, the CPU can control all the segment/ 
digit pins as D port/R port. 


INTERNAL BUS (S1) 


DMR (4 bit) 
Dimmer Mode Reg. 


Display Data 


FDR (4 bit) 
VFD Digit Reg. 


FSR (4 bit) 
VFD Segment Reg. 


(64 digit x 4 bit) 


VED Timing Generator 


control 


Digit Signal Output Terminal 


Oo 1: 23 4 5 6 7 8 Q9 10 11 12 13 14 15 


Roo Roi Roz Roz Rio R11 Ri2 R13 R20 Rai R22 R23 Rao Rai Rao R33 





control 
Segment Signal Output Terminal 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 +O 


Do D; Dz D3 D4 Ds Dg Dz Dg Dg Dio Dy1 Dy2D13 D14 Dis 


Figure 33. VFD Controller Block Diagram | 
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Figure 34.. Example of Connection with the VFD 
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VFD Data RAM: Table 24 lists the addresses in the display mode can be assigned for gen- 
of the VFD data RAM. The RAM area unused eral purpose. 


Table 24. The VFD Data RAM Addresses 









i> 


S000 73 yyy 
$092 __s082___ 7 a 7 
soe 


3 









\ 


Wey VJ. ii 
YU~SYIY YEE) 
soos | 80858 V0 8/7 LL 
soos | Soas _ V/// 8018/0007 
soo7_ | 8087 LL a eee 
__ 88 ___ TTT Yi yy 


ee 

oe VE FE 
oe 

$O8E 
$08F 


Notes: 1. In each segment, the right end corresponds to the LSB and the left end to the MSB. 
2. The halftone indicates the VFD data RAM location used in displaying 8-segment x 12-digit 






i 







AX 


a 


$09B 


L 





P| 4 P| ASA 
oO; oO O;O|oO 
oO} © OO; O}] © 
01,o P| oOo] oa 
A 
© 
0 
O 


SO9E 
SO9F 


z 

NO 

Ww 
— | of or] wa | ~“J 
Pl WN] —| oO 





data. In this example, other locations can be used for general purpose. 
3. The contents of RAM addresses $07C — $07F and $06C — $O6F (not display data) are 
output from segment pins at the timing of digit 12 —15. 
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VFD Control Register (VCR: $013): The 
VFD control register consists of a write-only 
bit and a read/test-only bit. 


The VFD mode bit (FLMO: $013, 0) is a write- 
only bit which selects a frame period of either 
3264 or 6528 instruction cycles. This bit is 
initialized to 0 by the MCU reset. 


The key scan flag (KSF: $013, 3) is a read/test- 


VCR: $013 


only flag. This flag indicates either the display 
period or the key scan period. The key scan 
period is one-seventeenth of the frame 
period. During the key scan period, the D port 
and RO through R3 port pins are controlled by 
the CPU for general purpose. When using 
these pins, key scanning can be enabled by 
software. At the rising edge of the key scan 
flag the key scan interrupt request flag is set 
to 1. 


Selects VFD frame period 


Selects key scan period 


VCR 

bit 3 Period 

0 display period 

1 key scan period 


VCR 
bit O T frame: frame 





T digit: key scan/digit period |T dimmer: dimmer resolution 
1 3264 toye 3113 us* 192 teyc 183.1 us* 12 teye 11.44 us* 
0 6528 teyc 6226 us* 384 teryc 366.2 us* 24 teyc 22.89 us* 


* teye = 0.9536 us (when using fosc = 4.1943MHz crystal oscillator with divide-by-4) 


Figure 35. VFD Control Register 
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Dimmer Mode Register (DMR: $012): The 
dimmer mode register is a 4-bit write-only 
register which controls the VFD driver pin 
mode and the digit signal output waveform. 
The register can specify the waveform from 
among eight types as shown in figure 36. The 
dimmer mode register is initialized to $0 by 
the MCU reset. When specifying the 


DMR: $012 


3 Pd 1 O 
DaRgoMRgDMRT purd 
ee pre ee 


waveform, the user must take into consider- 
ation the waverform resolution. For detailed 
description of the resolution, see the VFD 
control register section. DMR3 is used as a 
master bit for the VFD controller. During 
DMR3 is 0, Do — Dis and RO — R3 function as 
general purpose ports, and the display timing 
generator is in reset state. 


4 Selects digit signal waveform 





cae Do — Dis and RO — R3 mode 


Controls display timing generator 


DCR 
bit 3) Do — Dis and RO — R3 mode 
Used as general purpose ports 


Used as VFD driver depending on 
the state of FDR and FSR 


<=> 


Note: indicates a timing of segment signal. For Tdigit and Tdimmer, see VFD 
control register section. 





Figure 36. Dimmer Mode Register 
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VFD Digit Register (FDR: $011), VFD 
Segment Register (FSR: $010): The VFD 
digit register and the VFD segment register 
are 4-bit write-only registers which control 
the VFD driver pins. The pins selected by the 
these registers are used for the VFD driver or 


FDR: $011 


FDR3/FDR2|/FDR1|FDR 


| Select the number 
of VFD digit pins 


The number Digit signal output 


of digit 


pins 

none 

FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 
FDo/ROo 


FDo/ROo 


FD1/RO, 
FD2/RO2 
FD3/RO3 
FD4/R10 
FDs/R11 
FD6/R12 
FD7/R13 
FDg/R20 


FD9/R2, 


FDio0/R22 © 


FD11/R23 
FD12/R30 
FD13/R31 
FD14/R32 


FDis5/R33 


general purpose, depending on the state of 
bit 3 of the dimmer mode register and the key 
scan flag. All other pins are used for general 
purpose. These registers are initialized to $0 


by the MCU reset. 


FSR: $010 


ie Select the number 
of VFD segment pins 


The number 
of segment 


0 
8 


9 


11 
12 
13 
14 
15 
16 


Not used 


Segment signal 
output pins 


none 
FSo/Di5 
FSo/Di5 


FSo/Dis5 


FSo/D15 


FS0/D15 
FSo0/Dis 
FSo/D15 
FSo/D15 


FSo/Dis5 


Figure 37. VFD Digit Register and Segment Register 
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PWM (Pulse Width Modulation) D/A The D/A converter consists of four registers 


Converter and a pulse width modulator. When data is 
written to the PWM data register 3, the data 

The PWM D/A converter is used to generate is latched into the modulator and the PWM 

DC voltage which controls the VTR tuner data is then output synchronously with the 

using the voltage synthesizer method. This internal clock signal. It should be noted that 

converter provides 14-bit pulse-divided PWM bits 2 and 3 of PWM data register 3 are inva- 

(Pulse Width Modulation) which realizes high lid. Figure 39 shows the flowchart of PWM D/ 

resolution and high speed response. A converter operation. 

Data Register Name and Address Bit Number READ/WRITE 

PWM data register PWDR 3 ($019) 2 W 

PWM data register PWDR 2 ($018) 4 WwW 

PWM data register PWDR 1 ($017) 4 W 

PWM data register PWDR O ($016) 4 WwW 









PWDR 3 PWDR 2 -PWDR 1 PWDR O 
($ 019) ($ 018) ($ 017) ($ 016) 


can iene 







PWM lower word data ~ PWDR2—PWDRO 
PWM higher word data - PWDR3 






Figure 39. A Sequence of PWM D/A Converter Operation 
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PWM Registers 
PWM data register 0 (PWDRO: $016) 
a 4-bit write-only data register 


3 0 
DA3 DA2 DA1 DAO 


PWM data register 1 (PWDR1: $017) 
a 4-bit write-only data register 


3 0 
DA7 DA6 DAS DA4 


PWM data register 2 (PWDR2: $018) 
a 4-bit write-only data register 


3 0 
DA11 DA10 DA9 DA8 


PWM data register 3 (PWDR3: $019) 
a 2-bit write-only data register 


1 0 


DA13 DA12 


PWM Operation 


Figure 40 shows the PWM waveform. One 
frame period has 64 clock pulses. The rela- 
tionship between total pulse width at low 
level in one frame and the data value is re- 
presented by the following equation; in the 
equation, tcyc indicates the instruction cycle 
time. 


T. = (PWDR value+64) x ze 


1 frame period = 8192 teyc 
tin = 128 tcyc 


resolution = gs 


tcye = 0.9536 us (when using 4.1943 MHz 
crystal oscillator with divide-by-4) 


be —_—__—______——one frame period > 


ee ee 


TL=tu + tra + tig + 


tr =the =the = Omer merrer rece eresneesreseeces = trea 





Figure 40 PWM Waveform 
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PROM Mode Pin Description 


Table 25 and figure 41 describe the pin func- 


tion in PROM mode. 
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Table 25. PROM Mode Signals 


Pin No. MCU mode 
DC-64S 

DP-64S FP-64B Pin name 
1 59 Di,/FS4 
2 60 Di2/FS3 
3 61 D13/FS2 
4 62 D14/FS, 
5 63 Dis/FSo 
6 64 ROo/FDo 
7 1 RO,/FD;, 
8 2 RO2/FD2 
9 3 RO3/FD3 
10 4 R10/FD4 
11 5 R14/FDs 
12 6 R12/FDe 
13 7 R13/FD7 
14 8 R20/FDg 
15 9 R21/FDg9 
16 10 R22/FDio 
17 11 R23/FDi1 
18 12 RAo 
19 13 RA,/Vdisp 
20 14 R30/FD12 
21 15 R31/FD13 
22 16 R32/FDi4 
23 17 R33/FDi5 
24 18 R5o 

25 19 R54 

26 20 R52 

27 21 R53 

28 22 R60/INTo 
29 23 R6,/INTy 
30 24 R62/INT2 
31 25 —-R63/INT3 
32 26 Vcc 
Notes: 1. 


1/O: Input/Output Pins, |: Input Pins, O: Output Pins 


1/O 


1/0 
1/0 
1/0 
1/0 
1/0 
1/O 
I/O 
1/0 
1/0 
I/O 
\/O 
\/O 
1/0 
1/0 
1/0 
1/O 
1/0 


| 

1/0 
1/0 
1/0 
(/O 
1/0 
1/0 
1/0 
I/O 
(/O 
I/O 
1/0 
\/O 


PROM mode Pin No. 


Pin 
name 


i/o 


1/0 
1/0 
/O 
I/O 


MCU mode 
DC-64S 
DP-64S FP-64B Pin name 
33 27 R40/SCK 
34 28 R4,/SI 
35 29 R42/SO 
36 30 R43/PWM 
37 31 R70/BUZZ 
38 32 R7; 
39 33 R72 
40 34 R73 
41 35 R80 
42 36 R8, 
43 37 R9o 
44 38 RQ 
45 39 R92 
46 40 R93 
47 41 RESET 
48 42 OSC2 
49 43 OSC, 
50 44 GND 
51 45 CL, 
52 46 CLo 
53 47 TEST 
54 48 Do/FS15 
55 49 Di/FSi4 
56 50 D2/FS13 
57 51 D3/FSi2 
58 52 Da/FS11 
59 53 Ds/FSi0 
60 54 De/FS9 
61 55 D7/FSg 
62 56 Dg/FS7 
63 57 Dg/FS6 
64 58 Di0/FSs5 


1/0 


I/O 
I/O 
1/0 
I/O 
1/0 
1/0 
I/O 
1/0 
\/O 
1/0 


| 
| 
| 
| 
| 
O 
| 


| 

O 

| 
1/0 
/O 
1/0 
I/O 
I/O 
1/O 
I/O 
I/O 
I/O 
I/O 
I/O 


PROM mode 
Pin 

name 1/O 
O4 1/0 
O03 I/O 
O2 1/0 
O4 1/0 
Os 1/0 
O6 1/0 
O7 1/0 
O; 1/O 
Oo 1/0 
Vpp 

Ag | 
Mo | 
My | 
RESET | 
GND 

GND 

TEST | 


2. Connect each pair of O4, O03, O2, O1 and Oo. Hitachi supplies the socket adapter on which 
these pairs are internally connected. 
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Pins for PROM Mode (HD4074709) 
Vpp 


Apply the programming voltage (12.5V + 0.3 
V) to Vpp. 


CE 


Program the internal PROM and input the 
control signal to enable verify. 


OE 


Input the data output control signal when 
verify. 


HD4074709S 
HD4074709C 
16 49 


1 
2 
3 
4 
5 
6 
7 
8 


HD4074709H 


(FP-64A) 
(Top View) 


Ao — Ara 


Ao — A114 are address input pins of the internal 
PROM. 


Oo — O7 


Oo — O7 are data bus I/O pins of the internal 
PROM. 


Mo, Mi 
These are for PROM mode specification. To 
put the MCU into the PROM mode, pull Mo, 


Mi, and TEST to low level, and RESET to high 
level. 


HD4074709FS 


G: GND (Vgg Level) 
Normal: Open 





Figure 41. Pin Assignment in PROM Mode 
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Programmable ROM (HD4074709) 


The PROM mode of the HD4074709 internally 
halts the MCU operation and allows the 
PROM to be programmed. The MCU enters 
the PROM mode when the TEST, Mo and Mi 
pins go to low and the RESET pin goes to 
high. The specifications for the PROM are the 
same as for the EPROM 27256; therefore, the 
PROM is programmed with a general-pur- 
pose ROM writer using a 64-to-28 pin socket 
adapter. 





In order to program the PROM with using a 
general-purpose PROM writer, the HD407 
4709 incorporates the conversion circuit 
which divides a 10-bit HMCS series instruc- 
tion into 5 higher bits and 5 lower bits. One 
MCU address is assigned to two PROM ad- 
dresses. For example, in programming an 8k- 
word PROM with a general-purpose PROM 
writer, the user must assign 16 kbyte address 
locations. 


Programming and Verification 


The HD4074709 can perform high-speed 
programming without causing voltage stress 
or degrading data reliability. Figures 44 and 
45 show the procedure for high-speed pro- 
gramming and timing chart, respectively. For 
details of PROM programming, see Precau- 
tions on PROM Programming. 


Erasing 
PROMs in ceramic window packages can be 
erased by ultraviolet light. All erased bits 


become ls. 


Erasing conditions are: ultraviolet (UV) light 


Table 26. Mode selection 


Pin 
CE OE Vpp Oo - O7 
low High Vpp Data input 


Mode 
Programming 
Verify High Low Vpp_ Data output 


Programming High High Vpp High impedance 


inhibited 


with wavelength 2537A with a minimum 
irradiation of 15W - sec/cm?. These conditions 
are satisfied by exposing the LSI to a 12,000 
uW/cm? UV source for 15-20 minutes, at a 
distance of 1 inch. 


Precautions 


1. The user must specify address locations 
$0000: through $7FFF when program- 
ming the PROM with a general-purpose 
PROM writer. If $8000 or higher locations 
are addressed, the PROM cannot be pro- 
grammed or verified. It should be noted 
that the plastic package type of the 
PROM cannot be erased and repro- 
grammed due to this error. The data 
written in unused address locations must _ 
be $FF. 

* The ceramic package type of the PROM 
can be erased and reprogrammed by 
ultraviolet light in the event of pro- 
gramming errors. 


2. If any index of the PROM socket, socket 
adapter and LSI does not match, an 
overcurrent can occur, resulting in LSI 
destruction. Verify that the LSI is properly 
connected to the PROM writer before 
programming. 


3. In general, the PROM is provided with a 
programming voltage (Vpp) either 12.5V 
or 21V. The Vpp of the HD4074709 PROM 
is 12.5V. If the user applies 21V to the 
PROM, this may permanenty damage the 
LSI. The PROM writer in Intel's 27256 
specifications selects 12.5V as Vpp. 
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Table 27. PROM Programmers and Socket Adapters 


PROM Programmer Socket Adapters 
Maker Type name Package Maker Type name 
DATA I/O 22B DP-64S Hitachi 
298 DC-64S HS470ESS 11H 
FP-64B Hitachi — HS470ESFO1H 
FP-64A Hitachi HS470ESHO1H 
AVAL CORP PKW-1000 DP-64S Hitachi 
PKW-7000 DC-648 ai hamaen sd 
FP-64B Hitachi HS470ESFO1H 


Data 


Sn, Oo~ O07 


Address 
Ao~A14 





Figure 42. PROM Mode 
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$oooo fy} ' bit4 bits itz | bit! = bItO [Lower 5 bits A666 JMPL Instruction 
sooo1 [[i{l 1 ; | bit9  bit® , bit? bIO bits $ (Jump to RESET Routine) 


Upper 5 bits 
ites JMPL Instruction 
Vector Addr (Jump to INTo Routine) 
$O00F JMPL Instruction 


$0010 (Jump to INT; Routine) 
Zero-Page Subroutine JMPL Instruction 
(64 Words) (Jump to TIMER A Routine) 


JMPL Instruction j 
$003F (Jump to TIMER B Routine) 


$0040 JMPL Instruction 


Pattern (Jump to TIMER C Routine) 
(4096 Words) JMPL Instruction 
(Jump to SERIAL/INT; Routine) 
SOF FF 


JMPL Instruction 
$1000 (Jump to KEYSCAN/INT; Routine) 


Program 
(16384 Words) 


ye 
Three bits are not used. 
(Set to 111 ) 





Figure 43. PROM Memory Map 


Set Prog./Verify Mode 
Vep=12.5+0.3V, Vec=6.0+0.25V 


Address = 0 


| Program tew = 1ms + 5% 
Address + 1 — Address 


Program topw = 3n ms 


Last 
Address ? 
YES 


Set Read Mode 
Veco =5.0+0.5V, Vep=Vec t0.6V 





Read 
All Address 





Figure 44. A Sequence of High Speed Programming | 
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Programming Electrical Characteristics 


DC Characteristics 


(Vcc=6 V + 0.25 V, Vep=12.5V +0.3V, Vss=OV, Ta=25°C + 5°C, unless otherwise 


notes. ) 


item 


m 


Input high voltage Oo—O7, Ao—Aia, OE, C 


mm 


Input low voltage Oo—O7, Ao—Aia, OE, CE 





Output high voltage Oo—QO7 

Output low voltage Oo—O7 

Input leakage current Oo—O7, Ao—A14, OE, CE 
Vec Current 


Vpp current 


AC Characteristics 
(Vcc=6 V + 0.25 V, Vpp=12.5 V + 0.3 V, 
notes. ) 





Symbol Min Typ Max 
Vec+0.3 


VIH 
Vit 


VoH 


VoL 


{hua | 


Ipp 


2.2 


-0O. 


2.4 


3 


0.8 


0.4 


30 
40 


Unit Test Condition 
V 

V 

V loo= —200uA 

V loL=1.6mA 

uA Vin=5.25V/0.5V 
mA 

mA 


Vss=0 V, Ta=25°C +5°C, unless otherwise 


item Symbol 
Address set-up time tas 
OE set-up time toes 
Data set-up time tos 
Address hold time j taH 
Data hold time toH 
Output disable delay time tor 
Vpp set-up time tvps 
Program pulse width tew 
CE pulse width when overprogramming topw 
Vcc set-up time tvcs 
Data output delay time toe 


Note: 1. Input Pulse level——0.8 to 2.2V 
Input rising/falling time = 20ns 


Min 
2 


2 
2 
O 
2 


0.95 
2.85 


Timing reference level input: 1.0V, 2.0V 
. output :0.8V, 2.0V 
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Typ 


Max 


130 


1.05 
78.75 


500 


Unit Test Condition 


MS 
uS 
KS 
MS 
MS 
ns 


KS 


ms 


ms 


MS 


ns 


Figure 451 
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Program Verify 


| 
oe ee: 
fo 
ileus! 


Switching characteristics 


Input pulse level 

Input rising/falling time 

Output loading 1TTL Gate + 1O0pF 

input/output timing reference level Output: 1V, 2V 
Input: O.8V, 2V 


tDF 


tOH 
tacc 


Data Out LLL Data Out Valid NX 
NNN See 47 





Figure 46. PROM Read Timing Diagram 
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Read Operation Electrical Characteristics 


DC Characteristics 
(Vcc=5 V+ 10%, Vepp=Vcc £0.6 V, Vss=0 V, Ta=25°C + 5°C, unless otherwise notes. ) 





Item Symbol Min Typ Max Unit Condition 
Input Leak hy 1 uA Vec=5.5V, Vin=GND to Vcc 
Current 
Output Leak ILo 1 uA Vec=5.5V, Vout=GND to Vec 
Current 
Programming Ipp 1 100 uA Vep=Vcec+0.6V 
Vpp Current 
Operating lec* 30 mA f=1MHz, lout=OmA 
Vec Current 
Input Vit =0.3 0.8 V 
Voltage 
Vin 2.2 Vect+O0.3 V 
Output VoL 0.4 V loL=1.6mA 
Voltage 
Vou 2.4 V lou= —200uA 


* Input through current is excluded. 


AC Characteristics 


(Vec=5 V +10%, Vep=Vcc £0.6 V, Vss=0 V, Ta=25 °C + 5 °C, unless otherwise notes.) 


Item Symbol Min Max Unit Condition 
Access Time tacc 500 ns CE=OE=Vt 
CE Output tce 500 ns OE=Vit 
Delay Time 

OE Output tor 10 150 ns CE=Vit 
Delay Time 

Output Disable tpr* e) 105 ns CE=Wi. 
Delay Time | 

Data Output ton O ns CE=OE=ViL 
Hold Time 


* tor is determined when the output reaches open state and output level cannot be referred. 
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Precautions on PROM Program- 
ming 


Principles of PROM Programming/ 
Erasing 


The ZTAT microcomputer has the same type 
of the memory cell as the EPROM. The PROM 
is programmed by applying high voltage to 
the control gate and drain and injecting hot 
electrons into the floating gate, in the same 
way in the EPROM programming. The elec- 
trons in the floating gate remains stabilized, 
surrounded by the energy barrier of SiOz2 film. 
By this electrons, the threshold voltage in the 
memory cell changes and the corresponding 
bit goes to 0. 


The hot electrons are reduced as over time. 
This reduction is caused by: 


1. Ultraviolet light --+----+:ereeere The electrons 
are discharged by the ultraviolet light 
(erasure principle) 

2 Heat ican Ya rale-Siace ain"o78-0:0 58S Ooehele tba ew aie Sieielees els The electrons, 
which are excited by heat, are discharged 

3. Application of high voltage::-The number 
of electrons is reduced due to the high 
voltage which is applied to the control 
gate and drain 


If there is any failure in the oxide film, the 
charge is markedly reduced; however, in 
general, such reduction does not occur, since 
devices which failed are usually excluded 


Control gate 


Floating gate 


Drain 


Programming ( O ) 


Source 





during screening tests. 


When the memory cell does not have any hot 
electrons in the floating gate, the corre- 
sponding bit goes to 1. 


PROM Programming 


PROM programming should be performed 
under specified voltage and timing condi- 
tions. The higher the program voltage (Vpp) 
and the longer the program pulse width 
(tpw), the more electrons will be injected into 
the memory cell. If an overvoltage is applied, 
a P-N junction may be permanently 
damaged. It is especially important to note 
that an overshoot occurs in the PROM writer. 
Moreover, negative voltage noise causes a 
parasitic transistor effect, which can reduce 
the apparent breakdown voltage. 


During PROM programming, the ZTAT 

microcomputer is electrically connected with 

the PROM writer via the socket adapter. The 
user should ensure the following: 

1. Confirm that the socket adapter is firmly 
connected to the PROM writer before 

beginning PROM programming. 

2. Do not touch the socket adapter and the 
LSI during programming; this can cause 
faulty contacts, resulting in programming 
errors. 


Control gate 
SiO2 


Floating gate 


Drain 


Erasing ( 1 } 


Figure 47. Cross Section of PROM Memory Cell 
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PROM Reliability after Programming 


In general, semiconductor devices retain 
their reliability, if some initial failures can be 
rejected. Initial failures can be rejected by 
adequate screening. Baking the device’‘under 
high-temperature conditions is a screening 
method which eliminates initial short-time 
data hold failures in the memory cell. (See 
Principles of PROM Programming/Erasing). 
ZITAT microcomputer devices realize good 
reliability because they have been subjected 
to such screening during the water fabrica- 
tion process. It is recommended that the user 
expose the device to 150°C at one atmosphere 
after programming in order to verify device 
performance. 


Figure 48. shows the recommended screen- 
ing procedure. 


Window-Type Package Precautions 


Glass Erasure Window: If the glass win- 
dow comes in contact with plastic or any- 
thing with a static charge, the LS] may mal- 
function due to the electrostatic charge on 
the surface of the window. If this occurs, 
exposing the LSI to ultraviolet light for a few 
minutes neutralizes the charge, and restores 
the LSI to normal operation. However, charge 
stored in the floating gate decreases at the 
same time, sO reprogramming is recom- 
mended. 


Electrostatic charge buildup on the window 
is a fundamental cause of malfunctions. 
Measures for its prevention are the same as 
those for preventing electrostatic break- 
down: 


1. Operators should be grounded when 
handling equipment. 


2. Do not rub the glass window with plastics. 


3. Be careful of coolant sprays, which may 
contain a few ions. 

4. The ultraviolet shading label (which 
includes conductive material) effectively 
neutralizes charge. 


Ultraviolet Shading Label: If the LSI is 
exposed to fluorescent light or sunlight, its 
memory contents may be erased by the small 
quantity of ultraviolet light in these sources. 
In strong light, the MCU may fail under the 
influence of photocurrent. To prevent these 
problems, it is recommended that the device 
be used with an ultraviolet shading label 
covering the erasure window after pro- 
gramming. 


Special labels are sold for this purpose. They 
contain metal to absorb ultraviolet light. 
When choosing a label, note the following: 


1. Adhesion (mechanical intensity)—Re-use 
and dust reduce adhesion. Peeling off a 
label may cause static electricity. There- 
fore, erasing and rewriting is recom- 





Programming 
Verification 


Exposure in high temperature - 

without applying any power 

150°C + 10°C, 48 Hr + 8 Hr® 
- OHr 


Confirmation of reading 
Vec=4.5 Vor5.5V 


« Exposure time is the period starting from 
when the temperature in the baking furnace 
reaches 150°C. 


Figure 48. Recommended Screening 
Procedure 





(note) If programming errors occur se- 
quentially during PROM programming, the 
user should suspend programming and 
determine whether there is any trouble with 
the PROM writer or the socket adapter when 
using the window-package-type of the 
EPROM. If programming verification indi- 
cates errors in programming or after high- 
temperature exposure, please inform Hitachi 
of the trouble. 
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mended after peeling. Sticking a new label 
over the old one is better than replacing a 
label. 

2. Allowable temperature range—The 
allowable environmental temperature 
range of the label should be noted. If it is 
used under conditions outside this range, 
the paste may stiffen or adhere to the 
label, causing paste to remain on the 


window when the label is removed. 

3. Moisture resistance—The allowable mois- 
ture range and environmental conditions 
of the label should be noted. It is difficult 
to find a shade label applicable to all con- 
ditions. The proper label should be 
selected depending on the intended use of 
the MCU. 





Addressing Mode 
RAM Addressing Mode 
As shown in figure 49, the MCU has three 


RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 


ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


W Register X Register Y Register 
(ON nn 


| ee EERE | 


RAM Address 


Register Indirect Addressing 


Instruction 1st Word 


Instruction 2nd Word 


EEE Ldecbbsbels 


Memory Register Addressing 





Figure 49. RAM Addressing Modes 
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Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $040 to $04F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 50. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC») 
with the 8-bit immediate data. 


When BR is on page boundary (256n + 255) 
(figure 52), executing a BR instruction trans- 
fers the PC contents to the next page accord- 
ing to the hardware architecture. Conse- 


quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 
pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is lo- 
cated at $0000-$003F. When a CAL instruction 
is executed, 6-bits of immediate data are 
placed in the low-order six bits of the pro- 
gram counter (PCs to PCo) and Os are placed 
in the high-order eight bits (PCi3 to PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 51). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B Register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 
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(JMPL) 
(BRL) 
(CALL) 


Instruction 1st Word Instruction 2nd Word 











Program Counter|PC13 PC12 PC11 PCio0 PCa PCa PC? PCe PCs PCa PC3 PC2 PC: PCo 


Direct Addressing 


Instruction 





Program Counter |PCi3 PC12 PC11 PCio PCa PCs PC7 PCe PCs PCs PC3 PC2 PC: PCo 


Current Page Addressing 


Instruction 





Program Counter |PC13PC12PCi1 PCi0 PCs PCs PC7 PCe PCs PCa PC3 PC2 PCi PCo 


Zero Page Addressing 


Instruction 





Program Counter |PC13PC12 PC11PC10 PCa PCs PC7 PCe PCs PCa PCs PC2 PCi PCo 


Table Data Addressing 


Figure 50. ROM Addressing Modes 
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Instruction 


Register B Accumulator 


Referred ROM Address jRAi3 RAi2 RAiiRA1cRAs RAs RA7 RAs RAs RAs RA3 RAz RA: RAo 


Address Designation 


ROM Data ROs ROs RO7 ROs ROs ROs RO3s RO2 RO: ROo 


Accumulator, B Register}B3; Bo B: Bo]|A3 Az Ai Ao if ROs=1 


i 
ROM Data ROs ROg RO7 ROs ROs RO«a RO3z RO2 RO: ROo 


Output Register R1, R2 |} R23 R22 R21: R20]/R13 R12 R11 Rilo lf ROo=1 





Figure 51. P Instruction 


256(n—1) +255 
256n 


AAA NOP 


256n+254 
256n+255 
256(n+1) 


BBB NOP 





Figure 52. The Branch Destination by 
BR Instruction on the Boundary 
Between Pages 
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Instruction Set 


The MCU provides 101 instructions which are (6) Compare instructions 
classified into 10 groups as follows: (7) RAM bit manipulation instructions 
(1) Immediate instructions (8) ROM address instructions 
(2) Register-to-register instructions (9) Input/output instructions 
(3) RAM address instructions (10) Control instructions 
(4) RAM register instructions Tables 28-37 list their functions, and table 38 
(5) Arithmetic instructions is an opcode map. 





Table 28. Immediate Instructions 





Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI i 1000 1 1 ig ig i1 i9n I-A 1/1 
Load B from Immediate LBI i 1000 0 O ig i2 4 ip i> B 1/1 
Load Memory from LMID i,d 01101 0 i3 i2 4 in 17M 2/2 
Immediate dg dg d7 dg ds dq d3 do d; do 
Load Memory from *  LMUHY i 101 0 0 1 ig ig iy ig i-M, Y+1-Y NZ 1/1 
Immediate, Increment Y 
Table 29. Register-to-Register Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 BHA 1/1 
Load B from A LBA 0011003131000 AB 1/1 

0100000000 = 2/2 

Load A from Y LAY 001010111 1 YHA 1/1 
Load A from SPX LASPX 0001101000 SPX-A 1/1 
Load A from SPY LASPY 0001011000 %SPY~A 1/1 
Load A from MR LAMR m 1001 1 1m mmm MR(m)-A 1/1 
Exchange MR and A XMRA m 10111 1mmmm MR(m-A Pg 





Note: An operand is provided for the second word of LAW and LWA instruction by assembler 
automatically. 
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Table 30. RAM Address Instructions 


| Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load W from Immediate LWI i 00111100 ip i~W 1/1 
Load X from Immediate LX i 1 ‘0 00 1 O i3 i2 4 ip 1 7X 1/1 
Load Y from Immediate LY i: 1000 0 1 ig ig iy in I WY 1/1 
Load W from A LWA OOOO GeO Oe eo. ew ee 
Load X from A — LXA 0011101000 Ax 1/1 
Load Y from A LYA 00110311000 A~Y 1/1 
Increment Y lY 0001031100 Y+1-Y NZ 1/1 
Decrement Y DY 6 a © TE) ame a © le Ct Mt OO A ED ance! i NB TW 
Add A to Y AYY 00010103100 Y+tA-Y OVF 1/1 
Subtract A from Y SYY 001103103100 Y-A-Y NB 1/1 
Exchange X and SPX XSPX 0000000001 X+SPX 1/1 
Exchange Y and SPY XSPY 0000000010 Y-+ SPY 1/1 
Exchange X and SPX,Y XSPXY 0000000011 X-SPX, Y-SPY 1/1 
and SPY 


Note: An operand is provided for the second word of LAW and LWA instruction by assembler 
automatically. 


© HITACHI 
952 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HD404708/HD404709/HD4074709 





Table 31. RAM Register Instructions 


Operation 
Load A from Memory 


Load A from Memory 


Load B from Memory 
Load Memory from A 


Load Memory from A 


Load Memory from A, 
Increment Y 


Ninemonic 


Operation Code 





Function 
M—A, (X—SPX, Y-SPY) 


M-A 


M--B, (X—SPX, Y-SPY) 
A-M, (X-SPX, Y-SPY) 


A-~™M 


A-M, Y+1-Y (X—SPX) 


Status 


NZ 


Words/ 
Cycles 


1/1 
2/2 


1/1 
1/1 
2/2 


1/1 


A-M, Y~1-Y (X~SPX) 


Load Memory from A, 
Decrement Y 


NB 


1/1 


Exchange Memory and A 


Exchange Memory and A 


MA, (X-SPX, Y-SPY) 


M-A 


1/1 
2/2 


dg dg d7 deg ds d4 d3 do di do 


Exchange Memory and B 


Note: 


LAM(XY) 00100100 ~y x 
LAMD d 01100310000 

dg dg d7 dg ds d4 d3 do d; do 
LBM(XY) 00010000 y x 
LMA(XY) 00100101 =y x 
LMAD d 01100310100 

dg dg d7 dg ds dq d3 do dj do 
LMAIY(X) 000101000 x 
LMADY(X) 0011031000 x 
XMA(XY) 00100000 y x 
XMAD d 0110000000 
XMB(XY) 00110000 ~y x 


(XY) and (X) have the following meaning:. 


M-B, (X-SPX, Y-SPY) 


1/1 


(1) The instructions with (XY) have four mnemonics and four object codes for each (example of 


LAM (XY) is given below). 


The op-code X or Y is assembled as follows: 


Mnemonic 


LAM 
LAMX 
LAMY 
LAMXY 


(2) 


y 
0 
0 
1 


1 


x 


0 


Function 


X + SPX 
Y ~ SPY 


X—-+SPX, YoSPY 


The op-code X is assembled as follows: 


Mnemonic 


LMAIY 


LMAIYX 


x 
0 


1 


Function 


X + SPX 
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Table 32. Arithmetic Instructions 


Operation 

Add Immediate to A 
Increment B 

Decrement B 

Decimal Adjust for Addition 
Decimal Adjust for Subtraction 
Negate A 

Complement B 

Rotate Right A with Carry 
Rotate Left A with Carry 
Set Carry 

Reset Carry 

Test Carry 

Add A to Memory 


Add A to Memory 
Add A to Memory with Carry 


Add A to Memory with Carry 





Subtract A from Memory 
with Carry 


Subtract A from Memory 
with Carry 


OR A andB 





AND Memory with A 


AND Memory with A 


OR Memory with A 


OR Memory with A 


EOR Memory with A 


EOR Memory with A 


Note:  : Logical AND 
U : Logical OR 


@ : Exclusive OR 


Mnemonic 


Al i 
IB 

DB 
DAA 
DAS 
NEGA 
COMB 
ROTR 
ROTL 
SEC 
REC 
TC 
AM 


AMD d 


AMC 


AMCD d 


SMC 


SMCD d 


OR 
ANM 


ANMD d 


ORM 
ORMD d 


EORM 
EORMD d 


1010 


o;o;o;0;] 0 
Oo; Oo 


OoO;OoO!;}ro;o!;}o;o;o;ol;ro;l;o;o;o;o 
O;oO;o;o;0;/ 0 


0 
0 0 
6) 


—_ 


0 


Q 
© 

jos 
fee] 


io) 


000 


0100 


Operation Code 


O O ig i2 i 


001 1 


1 1 


—_. 


Oo;}o;}o;°o 
OoO;OoO;}oO;0; 0 
o;1o!;]o;}o 


ad 
—> 


1 1 


0 1 0 


OoO;OoO;}o;o;o;ro!;o};o!lro;o;o;o 


0 1 0 


011 0 


0110 


—_ 


—_ 


1 
0) 
0 


0 


0 


o;}o;o;}o;o] = 


— 


0 
0 


d7 dg ds d4 d3 d2 di do 


0) 


0 


dg dg d7 de ds dq d3 do d; do 


001 0 


011 0 


0110 


0110 


0 


0 


) 


0 


dg dg d7 dg ds dq d3 d2 d; do 


010 1 
0010 
0110 


000 1 
O11 1 


O11 1 


O 
0 
0 


0 
0 
0 


dg dg d7 de ds dq d3 do dj do 


0000 
0100 


001 1 
001 1 


0 
0 


0 
0) 


dg dg d7 de ds d4 d3 d2 d; do 


0000 
0100 


O 1 


110 


O 


01313100 
dg dg d7 deg ds dq d3 do d1 do 
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Function 
At+ti-A 
B+1-—-B8 


B-1-B8B 


1—-CA 


0O-CA 


M+tA-A 


M+A—A 


M+A+CA-A 


OVF-CA 


M+A+CA-A 


OVF-CA 


M—-A-CA—A 


NB-~CA 


M—-A-CA—A 


NB-CA 
AUB-A 
A()}M-A 


Af) M-A 


AUM-A 


AUM-A 


A®M-A 


A®M-A 


Status 
OVF 
NZ 


NB 


CA 
OVF 


OVF 


OVF 


OVF 


NB 


NB 


NZ 


NZ 


NZ 


NZ 


NZ 


NZ 


Words/ 
Cycles 


1/1 


1/1 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
2/2 


1/1 


2/2 


1/1 


2/2 


1/1 
1/1 


2/2 


1/1 
2/2 


—1/i 


2/2 
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Table 33. Compare Instructions 


Operation 


Immediate Not Equal 
to Memory 


Immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory 


B Not Equal to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


Immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate 


Mnemonic 


INEM | 


INEMD i,d 


ANEM 


AMEMD d 


BNEM 
YNEI i 


ILEM i 


ILEMD i,d 


ALEM 


ALEMD d 


BLEM 


ALE! | 


Operation Code 


00001 0O iz ig iy i 


0100 1 O ig ig iy 
dg dg d7 dg ds d4 d3 do dy 


000000010 


010000010 
dg dg d7 dg ds dy d3 do dy 


00010001 0 
0001 1 1 ig ig iy 


0000 1 1 ig ig iy 


0100 1 1 ig io iy 
dg dg d7 dg ds dq d3 do dy 


00000101 0 


01000101 0 
dg dg d7 dé ds d4 d3 d2 dy} 


00110001 0 


10101 1 i3 i2 iy 


Table 34. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 


Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 


Hitachi America Ltd. e Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 


Mnemonic 


SEM n 


SEMD n,d 


REM n 


REMD n,d 


TM n 


TMD n,d 


Operation Code 


0010000 1m" % 


0110000 1n 
dg dg d7 dg ds da d3 do dj 


00100010n1% 


0110001 0n 
dg dg:d7 dg ds dq d3 do dy} 


001000 1 1" 19 


01100011 
dg dg d7 dg ds dq d3 do dy 


© HITACHI 


do 








Words/ 
Function Status Cycles 
iz M NZ 1/1 
i+ M NZ 2/2 
Az+M NZ 1/1 
A#M NZ 2/2 
B+M NZ 1/1 
Y #i NZ 1/1 
isM NB 1/1 
i<M NB 2/2 
Asx NB 1/1 
As NB 2/2 
B=s=M NB 1/1 
A Si NB 1/1 
Words/ 
Function Status Cycles 
1 — M(n) 1/1 
1 — M(n) 2/2 
0 — M(n) 1/1 
O — M(n) 2/2 
M(n) 1/1 
M(n) 2/2 
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Table 35. ROM Address Instructions 


Operation 
Branch on Status 1 


Long Branch on Status 1 


Long Jump Unconditionally 


Subroutine Jump on Status 1 


Long Subroutine Jump on 
Status 1 


Table Branch 


Return from Subroutine 


Return from Interrupt 





Mnemonic 


BR b 


BRL u 


JMPL u 


CAL a 


~ CALL u 


TBR p 
RTN 


RTNI 


Operation Code 


1 1 b7 be bs ba b3 b2 b; bo 


0 10 1 1 1 pg Pp2P1 Po 
dg dg d7 dg ds dq d3 d2 dj do 


0 101 0 1 p3Pp2P1 Po 
dg dg d7 dg ds d4 d3 do d; do 
O 1 1 #1 as aq ag a2 a1 AO 


0 101 1 O p3Pp2P1 Po 
dg dg d7 dg ds dq d3 d2 dj do 


001 0 1 1 p3p2P1 Po 
0000010000 
000001000 1 


Table 36. Input/Output Instructions 

Operation Mnemonic Operation Code 

Set Discrete I/O Latch SED 0011100100 
Set Discrete I/O Latch Direct SEDD m 10111 0mmm™m nm 
Reset Discrete |/O Latch RED 0001100100 
Reset Discrete I/O Latch Direct REDD m 1001 10m mm m™ 
Test Discrete I/O Latch TD 0011100000 
Test Discrete |/O Latch Direct TDD m 10101 0mmm™ mM 
Load A from R Port Register LAR m 1001 0 1 mm mm 
Load B from R Port Register LBRm 10010 O0m mm mm 
Load R Port Register from A LRAm 101 10 1m mm 
Load R Port Register from B LRBm 101 100m mm m 
Pattern Generation Pp 0110 1 1 p3 p2 P1 Po 
Table 37. Control Instructions 

Operation Mnemonic Operation Code 

No Operation NOP 0000000000 
Start Serial STS 0101001000 
Laue eas SBY 0101001100 
Stop Mode/Watch mode STOP 0101001101 
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Function 


1 -I/E 
CA recovery 


Function 


1 — D(Y) 
1 — D(m) 
0 —- D(Y) 


0 — D(m) 


R(m) ~ A 
R(m) - B 
A — R(m) 


B — R(m) 


Function 


Status 


Status 


D(Y) 


D(m) 


Status 


Words/ 
Cycles 


1/1 


2/2 


2/2 


1/2 


2/2 


1/1 
1/3 
1/3 


Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


a1 


1/1 
1/1 
1/1 


1/2 


Words/ 
Cycles 


1/1 
1/1 


1/1 


1/1 
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Table 38. Opcode Map 


SC 
DNOEBEOoOROODRGOoE 

fo porate | al 
Pf : 





[_}--1-word/2-cycle [_ }-:1-word/ 3-cycle f _}--RAM Direct Address (___}--2-word/ 2-cycle 
Instruction Instruction Instruction Instruction 
(2-word/2-cycle) 


[—] is not available, the undifined instruction. 
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Absolute Maximum Ratings 


Item Symbol Constant Unit Notes 
Supply Voltage Vec —-0.3 to + 7.0 V 
Programming Voltage Vpp -—0.3 to + 14.0 V 12 
Terminal Voltage Vr —0.3 to Vec + 0.3 V 3 
Vec — 42 to Vec + 0.3 V 4 
Total Allowance of Input Current = lo 50 mA 5 
Total Allowance of Output Current — 3 lo 150 mA 6 
Maximum Input Current lo 5 mA 7, 8 
Maximum Output Current — lo 4 mA 9, 10 
30 mA 9,11 
Operating Temperature Topr —-20to + 75 °C 
Storage Temperature Tstg —55 to + 125 °C 
Storage Temperature (bias) Thiae —25 to + 80 °C 12 
Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 
should be under the conditions of electrical characteristics. If these conditions are exceed- 
ed, it may cause a malfunction or affect the reliability of LSI. 
2. All voltages are with respect to GND. 
3. Standard pins 
4. High voltage pins 
5. Total allowance of input current is the total sum of input current which flows in from all I/ 
O pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out 
from Vcc to all 1/O pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each I/O pin to GND. 
8. R4-R8 
9. Maximum output current is the maximum amount of output current from Vcc to each I/O 
pin. 
10. R4—R8 
11. Do—Dis, RO-R3 
12. HD4074709 
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Electrical Characteristics 
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HD404708, HD404709 Electrical Characteristics 


DC Characteristics 
(Vcc = 3 Vto 6 V, GND = OV, Vaisp = Vcc — 40 V to Vcc, Ta = —20 to + 75°C, unless otherwise 





noted) 
Item Symbol Pins Min Typ Max Unit Test Condition Note 
Input High Vin RESET, | 0.8 Vcc = Ver + 0.3 V 
Voltage SCK,INTo 
— INT3 
S| 0.7Vcc = Vec + 0.3 V 
OSC, Vec ~ 0.5 — Vec + 0.3 V Vcc =3.5V to 6.0V 
Vec - 0.3 = Vec + 0.3 V 
Input Low ViL RESET, | - 0.3 - 0.2 Vcc V 
Voltage SCK,INTo 
— INT3 
OSC e038 0.5 V Vcc =3.5V to 6.0V 
- 0.3 ec: 0.3 V 
Output High Vou SCK,SO, Vec-1.0 Pn = V —loH=1.0mA, 
Voltage PWM,BUZZ Vcc =3.5V to 6.0V 
Vcc —0.5 = = V —loH=O.5mA, 
Vcc =3.5V to 6.0V 
—loH=0.3mMA 
Output Low Vot SCK,SO, a es 0.4 V loc=1.6mA, 
Voltage PWM,BUZZ Vcc =3.5V to 6.0V 
lol =0.4mA 
Input/Output [hi | RESET, ~ _ 1 uA Vin =OV to Vcc 1 
Leakage SCK,INTo 
Current — INT3 
S1,SO,- 
PWM,BUZZ 
OSC, 
Power Dissipation [cc Vec - = 5.0 mA Vcc =5V, 2,5,8 
in Active Mode fosc =4MHz, 
on mA Divide-by-4 : 
= = 3.0 mA Vcc =3V, 2,5,8 
fosc=2MHz, 
2 mA -Divide:-by-4 2 
Power Dissipation Ispy Vec os - 2.0 mA Vec=5V, 3,5 
in Standby Mode fosc =4MHz, 
Divide-by-4 
_ - 1.0 mA Vec=3V, 3,5 
fosc=2MHz, 
Divide-by-4 
© HITACHI 
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item Symbol Pins Min Typ Max Unit Test Condition Note 


Power Dissipation [yp Vec = — 30 BA Vec =3V,when 4,6,8 
in Subactive Mode i ar. aay Cae using 32.768kHz 
crystal 
Vin(TEST) =Vec - 
0.3V to Vcc, 
Vin(RESET) =OV to 
0.3V 





Power Dissipation watch Vec = = 15 uA Vcc = 3V,when 4,6,7 
in Watch Mode using 32.768kHz 

crystal, 

Vin(TEST) = Vec — 

0,3V to Vcc, 


Vin(RESET) =OV to 





0.3V 
Power Dissipation Igtop Vec = xe 10 uA Vin( TEST) = Vec — 4 
in Stop Mode 0.3V to Vcc, 
Vin(RESET) =OV to 
0.3V 
not using 
32.768kHz 
crystal 
Watch Mode Vetch Vec 3.5 = 6.0 V Vcc =3.5V to 6V 6,7 
Retain Voltage “30. .~»)6-”,—~<C~YHTO™—tCOSNY 
Stop Mode Vstop Vec 2 as = V not using 
Retain Voltage 32.768kHz 
crystal 


Notes: 1. Excluding pull-up MOS current and output buffer current. 
2. The MCU is reset and input/output current does not flow. 
Pin conditions: @ RESET, TEST-:::::- Vec 


@ Do-Dis, RO-R3, RA-::::: Vaisp 
3. The timer/counter is enabled and input/output current does not flow. 
MCU conditions: @ 1/O--:::: same as at reset 


@ Serial interface:::::- halt 
@ Standby mode 
Pin conditions: @ RESET-:---:---: GND 
@ TEST-:::::: Vec 
@ R4-R9 eoesee Vec 
@® Do-Dis, RO-R3, RA:::::: Vaisp 
4. Excluding pull-down MOS current to Vuisp. 
5. Power dissipation in MCU operation or in Standby mode is in proportion to fosc; each 
current value when fosc=xLMHz] is given by the following equation: 
Maximum value (fosc=x[MHz])=x/4 x Max. value (fosc=4[MHz]) 
6. Applied to the product with 32 kHz CPU operation selected by optional function. 
7. Applied to the product with no 32 kHz CPU operation, TIME-BASE operation selected by 
optional function. 
8. HD404708 
9. HD404709 
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Input/Output Characteristics for Standard Pins 
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(Vcc = 3 V to 6 V, GND = OV, Vaisp = Vcc — 40 V to Vcc, Ta = —20 to + 75°C, unless otherwise 


noted) 


item 


Input High 
Voltage 


Input Low 
Voltage 


Output High 
Voltage 


Output Low 
Voltage 


Input/Output 
Leakage 
Current 


Pull-Up MOS 
Current 


Notes: 1. 


Symbol Pins 

Vin R4-R9 
Vit R4-R9 
VoH R4-R8 
VoL R4-R8 
[ti R4-R9 
— Ip R4-R9 


Pull-up MOS current and output buffer current are excluded. 


Min 
0.7 Vcc 


='O:3 


Vec—1.0 


Vec—-0.5 


30 


10 


Typ 


70 


20 


Max 
Vcc + 0.3 


0.3 Vcc 


0.4 


150 


50 


Unit 
V 


V 


uA 


yA 


uA 


Test Condition Note 


—lon=1.0mA, 
Vcc =3.5V to 6.0V 


—loH=0.5mA, 


Veoc =3.5V to 6.0V 


—loy=0.3mA 


loL=1.6mA, 


Vcc =3.5V to 6.0V 


lop =0.4mA 


Vin=OV to Vcc 1 


Vec = 5V,Vin=OV 2 


Veco =3V, Vin=OV 


2. Applied to I/O pins with pull-up MOS selected by mask option. 
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Input/Output Characteristics for High Voltage Pins 


(Vcc = 3 V to 6 V, GND = OV, Vaisp = Vcc — 40 V to Voc, Ta = —20 to + 75°C, unless otherwise 


noted) 


item 


Input High 
Voltage 


Input Low 
Voltage 


Output High 
Voltage 


Output Low 
Voltage 


Input/Output 


Leakage 
Current 


Symbol 
Vin 


VIL 


VoH 


Niel 


Pull-Down MOS lg 


Current 
Notes: 1. 


2. 


962 


Pins 


Do-D15,RA, 


RO-R3 


Do-D15,RA, 


RO-R3 


Do-D15, 
RO-R3 


Do-D; 5, 
RO-R3 


Do-D15, 
RO-R3 


Do-D15,RA 
RO-R3 


Do-D15,RA, 


RO-R3 


Min 
0.7 Vcc 


Vcc — 40V 


Vcc —3.0 


Vec-2.0 


Vec—1.0 


200 


Typ 


400 


Max 
Vec + 0.3 


0.3 Vcc 


Vec — 34 


Vec — 37 


800 


Unit 
V 


V 


uA 


Test Condition Note 


~lon=15mA, 
“UL we wows 


—lon=10mA, 
Veco =5V+20% 


—lon=4mA 


150kQ to Vec-40V 2 


Vin=Vec—40V to 3 
Vcc 


Vaisp = Vcc — 35V 4 
Vin= Vcc 


Applied to |/O pins with pull-down MOS selected by mask option. 

Applied to I/O pins without pull-down MOS (PMOS open drain) selected by mask option. 
Pull-down MOS current and output buffer current are excluded. 

Applied to !/O pins with pull-down MOS selected by mask option. 
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AC Characteristics 


(Vcc = 3 Vto 6 V, GND = OV, Vaisp = Vcc — 40 V to Vcc, Ta = —20 to + 75°C, unless otherwise 
noted) 


item Symbol Pins Min Typ Max Unit Test Condition Note 
~ Oscillation fosc OSC;,0SC2 0.4 4 4.5 MHZ Vec=3.5V to 6V 7 
Frequency 
(Divide-by-4) 1.6 4 4.5 MHz 
0.4 2 2.25 MHz 7 
1.6 2 2.25 MHz 
Oscillation fe. CL,,CL2 ae 32.768 oe kHz 
Frequency 
(Divide-by-8) 
Instruction tee 0.89 1 10 us Vec=3.5V to 6V 7 
Cycle Time 0.89 1 25 iis 
1.78 2 10 us 7 
1.78 2 2.5 us 
Instruction tsuBeyc = 244.14 = us 8 
Cycle Time 
Oscillation trc OSC,,0SC2  - = 40 ms Vec=3.5V to 6V 1 
Stabilization 
= = 6 
(Crystal) 7 oe 
Oscillation tre OSC;,0SC2_ — = 20 ms Vec=3.5V to 6V 1 
Stabilization 
= mr 60 ms 


(Ceramic Filter) 


Oscillation trc CL1,CL2 = _ 2 s 2,8,9 
Stabilization 

External tcPH, OSC, 92 - — ns Vec=3.5V to 6V 3 
Clock High, Low tcp, ‘oa. ok a ee 

Level Width aes) 7 oe 

External tcpr, OSC, = 4 20 ns Vec=3.5V to 6V 3 
Clock Rising, tcpr Re ee a, ee ee eee 
Falling Time : ~ ao ia 

INTo High, Low tioH, INTo 2 ee = teyc/ 4,6,8,9 
Level Width tioL tsSuBcyc 

INT, High, Low tiiH, INT,-INT3 2 a © teyc 4 
Level Width tit 

RESET High tasty - RESET 2 - ~ five 5 
Level Width 

Input ree All pins - - 30 pF = f= 1MHz, Vin = OV 
Capacitance 

RESET ier RESET - - 20 ms 5 
Falling Time 


Notes: 1. Oscillation stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.0V 
(3.5V, in case of Vec=3.5V—6.0V) after Power on, or after RESET goes high. RESET must 
be kept high for at least tac to obtain oscillation time. 

Oscillation stabilization time depends on the crystal or ceramic filter’s circuit constant and 
stray capacitance. In employing the resonator, please consult with the engineers of the 
crystal or ceramic filter marker to determine the circuit parameter. 
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Crystal Ceramic Filter 





Cy 





GNDI c,! 
Xtal: Under the equivalent circuit Ceramic Filter: CSA4.0OMG (MURATA) 
Rs) IMQ+20% ng. 1M St LO 
C;: 1OpF+20% C,: 30pF+20% 
C2: 1OpF+20% C2: 30pF+20% 





Co=7pF max 
Rs= 1002 max 
f =1.0-4.5MHz 


2. Oscillation stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.0V 
- after power on. 
Oscillation stabilization time depends on the crystal circuit constant and stray capacitance. 
In employing the resonator, please consult with the engineers of the crystal maker to 
determine the circuit parameter. 





CL, 
Rs 
CL. 
GND 
\ 
Xtal: MX38T (Nihon denpa kogyo) Co=1.5pF typ 
Right the equivalent circuit Rs=14kQ typ 
C,: 15pF+5% f =32.768kHz 


C2: 15pF+5% 


See figure 53. 

See figure 54. Unit tcyc is applied when MCU is Standby or Active mode. 

See figure 55. 

See figure 54. Unit tsuscyc is applied when MCU is in Watch or Sub-Active mode. 
tsuBcye= 244.14 us (when using 32.768kHz crystal oscillator) 

Apply the data in parenthesis when subsystem oscillator is not used. 

Applied to the product with 32kHz CPU operation selected by optional function. 

Applied to the product with no 32kHz CPU operation, TIME-BASE operation selected by 
optional function. 


Se 2a 
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Serial Interface Timing Characteristics 


(Vcc = 3V to 6 V, GND = OV, Vuaisp = Vcc — 40 V to Vec, Ta = —20 to + 75°C, unless otherwise 
noted) 


item Symbol Pins Min Typ Max Unit Test Condition Note 
Output Transfer —tgeyc SCK 1 - = teye Loading 1,2 
Clock (note 2) 

Cycle Time 

Output Transfer — tse, SCK 0.4 = me tscye Loading 1,2 
Clock High, Low — tgcx, (note 2) 

Level Width 

Output Transfer — tscx,, SCK = = 80 ns Loading 1,2 
Clock Rising, tscKt (note 2) 

Falling Time 

Input Transfer tSCKHD SCK 1 - - teyc 6 (ER? 
Clock Completion 

Detect Time 

Input Transfer tSCkH, SCK 0.4 = = teye 1 
Clock High, Low tscKL 

Level Width 

Input Transfer tsckr, SCK = = 80 ns 1 
Clock Rising, tscK¢ 

Falling Time 

Serial Output tpso SO = sas 600 ns Loading 1,2 
Data Delay (note 2) 

Time 

Serial Input tssi Sl 200 = = ns 1 
Data Setup 

Time 

Serial Input tHsI Sl 400 ac = ns 1 
Data Hold 

Time 


Notes: 1. See figure 56. 
2. See figure 57. 
3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer 
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed. 
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(Vcc = 3.5 V to 6 V) 


item 


Output Transfer 


Clock 
Cycle Time 


Output Transfer 


Symbol 


tScyc 


tSCKH, 


Clock High, Low _ tecx, 


Level Width 


Output Transfer 


‘Clock Rising, 


Fallina Tima 
pe eee A a a 


Input Transfer 


tsc Kre 
tscxf 


tSCKHD 


Clock Completion 


Detect Time 


Input Transfer 


tSCKH, 


Clock High, Low _— tgcx, 


Level Width 


Input Transfer 


Clock Rising, 
Falling Time 


Serial Output 
Data Delay 
Time 


Serial Input 
Data Setup 
Time 


Serial Input 
Data Hold 
Time 


Notes: 1. 


2. 
3: 


966 


tsckr, 
tscxf 
toso 


tssi 


tHs! 


Pins 


SCK 


SCK 


SCK 


SCK 


SCK 


SCK 


SO 


S| 


S| 


See figure 56. 
See figure 57. 
Transfer clock completion detect time is the period of high level after 8 pulses of transfer 
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed. 


0.4 


0.4 


100 


200 


Typ Max 


= 300 
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Unit 


teye 


tscyc 


Ns 


teye 


teyc 


ns 


ns 


ns 


ns 


Test Condition 


Loading 
(note 2) 


Loading 
(note 2) 


Loading 
(note 2) 


Loading 
(note 2) 


Note 
1,2 


1,2 


1,2 


1,2,3 


1,2 
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Electrical Characteristics 
HD4074709 Electrical Characteristics 
DC Characteristics 


(Vcc = 3 V to 5.5 V, GND = OV, Vaisp = Vcc — 40 V to Vcc, Ta = —20 to + 75°C, unless otherwise 
noted) 








item Symbol Pins Min Typ Max Unit Test Condition Note 
Voltage SCK,INTo 
— INT3 
Sl 0.7Vcc a Ver + 0.3 V 
OSC, Vec -— 0.5 Vec + 0.3 V Vcc =3.5V to 5.5V 
Vec - 0.3. - Vec + 0.3 V 
Input Low Vit RESET, - 0.3 - 0.2 Vcc V 
Voltage SCK,INTo 
— INT3 
Sl iS = 0.3 Vcc V 
OSC, — 0.3 a 0.5 V Vec=3.5V to 5.5V 
= 0.3 = 0.3 V 
Output High VoH SCK,SO, Vec-1.0 - = V —lou=1.0mA 
Voltage PWM,BUZZ Vec=3.5V to 5.5V 
Vec-0.5 — = V —lIoH=0.5mA 
Veco =3.5V to 5.5V 
—lon=O0.3mMA 
Voltage PWM,BUZZ Vec=3.5V to 5.5V 
lol =0.4mA 
Input/Output Iie! RESET, - = 1 uA Vin =OV to Vec 1 
Leakage SCK,INTo 
Current — INT3 
SI,SO, 
PWM,BUZZ 
OSC; 
Power Dissipation Icc Vec = = 8.0 mA Vec=5V, 2,4 
in Active Mode fosc =4MHz 
Divide-by-4 
fosc =2MHz 
Divide-by-4 
Power Dissipation Iggy Vec = - 2.0 mA Vec=5V, 3,4 
in Standby Mode fosc =4MHz 
Divide-by-4 
fosc =2MHz 
Divide-by-4 
© HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 967 





HD404708/HD404709/HD4074709 


Item Symbol Pins 


Power Dissipation — |.up Vcc 
in Subactive Mode 


Power Dissipation |watch Vec 
in Watch Mode 


Power Dissipation I stop Vec 
in Stop Mode 


Retain Voltage 


Stop Mode Vstop Vcc 
Retain Voltage 


Min Typ Max Unit Test Condition Note 


= = 150 uA Vcc =3V,when 
using 32.768kHz 
crystal, 
Vin(TEST) = Vcc — 
0.3V to Vcc, 
Vin(RESET) =OV to 
0.3V 





= = 15 uA Vec =3V,when 
using 32.768kHz 
crystal, 
Vin( TEST) = Voc — 
0.3V to Vcc, 
Vin(RESET) =OV to 
0.3V 





= 7 10 : uA Vin(TEST, R99) = 
Vec-0.3V to Vcc, 
Vin(RESET) =OV to 


0.3V 

not using 

32.768kHz crystal 
3.5 _ 5.5 V Vcc =3.5V to 5.5V 
3.0 = 5.5 
2 — = V not using 


32.768kHz crystal 


Notes: 1. Excluding Pull-up MOS current and output buffer current 
2. The MCU is reset and input/output current does not flow. 


Pin conditions: 


3. The timer/counter 
MCU Conditions: 


Pin conditions: 


4. Power dissipation 


@ RESET, TEST-:::-- Vec 


@ Do-Dis, RO-R3, RA:::::: Vaisp 
is enabled and input/output current does not flow. 


@ 1/0--:-: same as at reset 
@ Serial interface-:---- halt 
@ Standby mode 

& RESET Pe GND 

@ TEST::::: Vec 

@ R4-RQ----:- Vec 

e 


Do-Dis, RO-R3, RA-:::-:Vuisp 
in MCU operation or in Standby mode is in proportion to fosc; each 


current value when fosc=xLMHz] is given by the following equation: 
Maximum value (fosc=xLMHz])=x/4 <x Max. value (fosc=4[MHz]) 
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Input/Output Characteristics for Standard Pins 


(Vcc = 3 V to 5.5 V, GND = OV, Vaisp = Vcc — 40 V to Vcc, Ta = —20 to + 75°C, unless otherwise 


noted) 
Item Symbol Pins Min Typ Max Unit 
Voltage 
Input Low VL R4-R9 =—'0.3 a 0.3 Vcc V 
Voltage 
Voltage 
Vec-0.5 _ cd V 

Output Low VoL R4-R8 = = 0.4 V 
Voltage 
Input/Output Hie | R4-R8, a = 1 uA 
Leakage Current R9,-R93 

R9o — = 20 uA 


Note: 1. Output buffer current are excluded. 


Input/Output Characteristics for High Voltage Pins 


Test Condition Note 


—lon=1.0mMA 
Vec=3.5V to 5.5V 


—loH=O.5mA 


Vcc =3.5V to 5.5V 


—lIoH=O0.3mMA 


loL= 1.6mA 


Vec=3.5V to 5.5V 


lo. =0.4mA 


Vin =OV to Vcc 1 


Vin =OV to Vcc 


(Vcc = 3 V to 5.5 V, GND = OV, Vaisp = Voc — 40 V to Voc, Ta = —20 to + 75°C, unless otherwise 


noted) 
Item Symbol Pins Min Typ Max Unit 
Input High Vin Do-Dis,RA, O.7 Vcc = Ver + 0.3 V 
Voltage RO-R3 
Input Low Vit Do-Di5,RA, Vec-40 - £0.3Vcc ” 
Voltage RO-R3 
Output High Vou Do-Dis, Vec-3.0  — = V 
Voltage RO-R3 
Vec-2.0 = — V 
Vec-1.0 mm —- 
Output Low VoL Do-D15, = = Vec— 37 V 
Voltage RO-R3 
Leakage RO-R3 
Current 


Note: 1. Output buffer current are excluded. 
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Test Condition Note 


—loy=15mMA 
Vec =4V to 5.5V 


—lon=10mA 
Vcc =4V to 5.5V 


—lon=4mA 
150kQ to Vec — 40V 


Vin= Vcc —40V to 1 
Vec 
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AC Characteristics 


(Vcc = 3 Vto 5.5 V, GND = OV, Vaisp = Vcc — 40 V to Vcc, Ta = —20 to + 75°C, unless otherwise 
noted) 


item Symbol Pins Min Typ Max Unit Test Condition Note 
Frequency 
Divide-by-4 1.6 4 4.5 MHz 
0.4 2 2.25 MHz 7 
1.6 2 2.25 MHz 
Oscillation fer CL1,CL2 = 32.768 ae kHz 
Frequency 
(Divide-by-8) 
Instruction teyc 0.89 1 10 uS Vec=3.5to5.5V 7 
Cycle Time 0.89 1 25 us 
1.78 2 10 us 7 
1.78 2 2.5 us 
Instruction tsuBcyc = 244.14 = us 
Cycle Time 
Oscillation trc OSC;,0SC2  - = 40 ms Vec=3.5 to 5.5V 1 
Stabilization 
(Crystal) - = 60 ms 1 
Oscillation tre OSC;,0SC2 - = 20 ms Vec=3.5 to 5.5V 1 
Stabilization 
(Ceramic Filter) 7 7 ae ae 
Oscillation trc CL;,CLo = = 2 s 2 
Stabilization 
External tcPH, OSC, 92 = = ns Vec=3.5 to5.5V 3 
Clock High, Low 
‘ 203 < 2 
Level Width *cPL as 
External tcpr, OSC, = ms 20 ns Vec=3.5to5.5V 3 
Clock Rising 
: - _ 20 
Falling Time ‘cpr ue 
INTo High, Low tion, INTo 2 a: € sel 4,6 
Level Width tio. tSUBcyc 
INT, High, Low tin, INT,-INT3 2 - - tae 4 
Level Width tu 
RESET High tRSTH RESET 2 = 7 teye 5 
Level Width 
Input Cin Except R99 — = 30 pF f= 1MHz,Vin=OV 
Capacitance R9o =z ie 180 pF f=1MHz,Vin=OV 
RESET trsTf RESET as = 20 ms 5 
Falling Time 





Notes: 1. Oscillation stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.0V 
(3.5V, in case of Vec=3.5V-5.5V) after Power on, or after RESET goes high. RESET must 
be kept high for at least tac to obtain oscillation time. 

Oscillation stabilization time depends on the crystal or ceramic filter’s circuit constant and 
stray capacitance. In employing the resonator, please consult with the engineers of the 
crystal or ceramic filter marker to determine the circuit parameter. 
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Crystal Ceramic Filter 
OSC OSC 
C; C, 
C3 Ry Co 
GNDT CG, OSC2 cnp [c, OSC2 
Xtal: Under the equivalent circuit Ceramic Filter: CSA4.0OMG (MURATA) 
Rr: IMQ +20% Re. IMQ+20% 
C1: 10pF+20% C1: 30pF+20% 
C2: 1OpF+20% C2: 30pF+20% 
L Cs Rs 
Co 
Co=7pF max 
Rs= 1002 max 


f =1.0-4.5MHz 


2. Oscillation stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.0V 
after power on. 
Oscillation stabilization time depends on the crystal circuit constant and stray capacitance. 
In employing the resonator, please consult with the engineers of the crystal maker to 
determine the circuit parameter. 


L 
C, ve 
| C 
Crystal (-—] 2 : Rs 
Co 
C, Clo 
GND 


Xtal: MX38T (Nihon denpa kogyo) Co=1.5pF typ 
Right the equivalent circuit Rs=14kQ typ 
Ci: 15pF+5% =32.768kHz 


‘Co: 15pF+5% 


3. See figure 53. 

4. See figure 54. Unit tcyc is applied when MCU is Standby or Active mode. 

5. See figure 55. 

6. See figure 54. Unit tsuscyc is applied when MCU is in Watch or Sub-Active mode. 
tsuBcye=244.14us (When using 32.768kHz crystal oscillator) 

7. Apply the data in parenthesis when subsystem oscillator is not used. 
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Serial Interface Timing Characteristics 


(Vcc = 3 V to 5.5 V, GND = OV, Vaisp = Vcc — 40 V to Vcc, Ta = —20 to + 75°C, unless otherwise 
noted) 


item Symbol Pins Min Typ Max Unit Test Condition Note 
_ Output Transfer —tgeyc SCK 1 = 7 teye Loading 1,2 

Clock (note 2) 

Cycle Time 

Output Transfer —tscxu, SCK 0.4 = = tscye Loading 1,2 

Clock High, Low tscKL (note 2) 

Level Width 

Output Transfer — tscx,, SCK a = 80 ns Loading 1,2 

Clock Rising, tscke¢ (note 2) 

Falling Time 

Input Transfer tsckHpD SCK 1 = = teyc 1,2,3 

Clock Completion 

Detect Time 

Input Transfer tscKH, SCK 0.4 = = teyc 1 

Level Width 

Input Transfer tsckr, SCK = = 80 ns 1 

Clock Rising, tscK¢ 

Falling Time 

Serial Output tpso sO = = 600 ns Loading 1,2 

Data Delay. (note 2) 

Time 

Serial Input tssi S| 200 a = ns 1 

Data Setup 

Time 

Serial Input tHsI Sl 400 = _ ns 1 

Data Hold 

Time 


Notes: 1. See figure 56. 
2. See figure 57. | | 
3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer 
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed. 
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(Vcc = 3.5 V to 5.5 V) 





item Symbol Pins Min Typ Max Unit Test Condition Note 
Output Transfer tscyc SCK 1 _ a tie Loading 1,2 
Clock (note 2) 

Cycle Time 

Output Transfer — tse, SCK 0.4 a = tscye Loading V2 
Clock High, Low — tgcxy, (note 2) 

Level Width 

Output Transfer eestiek SCK = = 40 ns Loading 1,2 
Clock Rising, tsckf (note 2) 

Falling Time 

Input Transfer tSCKHD SCK 1 _ — five 1,2,3 
Clock Completion 

Detect Time 

Input Transfer tSCKH, SCK 0.4 — - teye 1 
Level Width 

Input Transfer tsckr, SCK = = 40 ns 1 
Clock Rising, tsckt 

Falling Time 

Serial Output tpso SO 5 = 300 ns Loading 1,2 
Data Delay (note 2) 

Time 

Serial Input tssi Sl 100 = on ns 1 
Data Setup 

Time 

Serial Input tHs! Sl 200 = = ns 1 
Data Hold 

Time 


Notes: 1. See figure 55. 
2. See figure 56. 
3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer 
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed. 
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Vcc =3.5—6V, Vec=3.5—5.5V 





Figure 53. Oscillation Stabilization Time 


INTo,INT4, 
INT2,INT3 





Figure 54. Interrupt Timing | Figure 55. Reset Timing 


SCK Vec _ 2.0V(0. 8Vcc) 
0.8V(0.2Vec)* 


Vec—2.0 V and 0.8 V are applied when transfer clock is output. 
0.8 Vcc and 0.2 Vcc are applied when transfer clock is input. 





Figure 56. Serial Interface Timing 


Vec 


Ri. =2.6k0 
Test 
Point 


Cc R 1820740 
30pF 12kAT OF Equiv. 





Figure 57. Timing Load Circuit 
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[orerde 
[Companyname | 
[Deparment | 
Nome 


ROM code 
LSI type 













HD404708/HD404709 
Option List 


* Please enter check marks in CJ, for example #, x or v. 


(1) ROM size (2) Package type (3) Optional Function 


1 HD404708 || CO DP-64S (1 32kHz CPU operation _| 
| HD404709 || O FP-64B 1 no 32kHz CPU operation | 


(4) ZTAT compatibility (5) ROM media 


[7 EPROM: emulator type 
[11 HD4074709 








HD40470 





01/0 circuit compatibility with the HD4074709 
[1] No I/O circuit compatibility with the HD4074709 








(Note) ZTAT comapatibility is enabled only when all pins use C or D type 
circuit. In this case do not check the list item (6) and (7). 


(6) 1/0 option (I/O options masked by £7 are not available) (7) RAi/Vaisp 
1/O option 1/O option LJ) RA;: without pull-down MOS (D) 
+——|Pin name 1/O 
E 1B{C/D| E] [DO Vuisp 


B|clo 

Y LT, 

Yj WYyy | Note: RA1/Vdisp has to be selected as Vgisp 
Uy pin exept the case that all high voltage 


Y Lig 
Ui) 














pins are option D. 


A (1) OSC, and OSC) oscillator 


Y) 
7 
7 
y 
Y/ 








High-voltage pins 





Ps) 

££ 
OD; Di DD 
BiB) WW 
->- 1O |W |N 


a 
2 
N 

















D 

O1 
DD; Di D\|D 
Or} 01; Or) B 
Nw |= 10 |w 





a 


4 (2) CLy and CL» oscillator 


Y C) Not used — 
4 | () Crystal f=32.768 kHz 

















Standard pins 




















Wh 
77m 
1/0 Yj | | | MZ 
1/O Yj | RA Wy |_| 
VOGY | | ack Check (7) 


Check |/O option you select. 
B: with pull-up MOS C: without pull-up MOS 
D: without pull-down MOS E: with pull-down MOS 
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Description 


The MCU is a 4-bit single chip HMCS400 
series microcomputer providing high pro- 
grom productivity. It incorporates large size 
memory, LCD driver/controller, voltage 
comparator, and 32 kHz watch oscillator cir- 
cuit. 

The HD4074808/HD407L4808, incorporating 
PROM, is a ZTAT microcomputer which can 
dramatically shorten system development 
period and smoothly proceed from debug- 
ging to mass production. 





Features 


8192 words of 10-bit ROM 
1184 digits of 4-bit RAM 
30 I/O pins: 
—Including 10 high-current output pins. 
—CMOS I/O pin circuit configuration 
—Input/output pull-up MOS can be 
selected by software 
. 16-digit LCD driver 
Three timers/counters 
Clock synchronous 8-bit serial interface 
Six interrupt sources 
—External: 2 
—Internal: 4 
@ Subroutine stack 


. ; _ Clock Freq. 
—Up to 16 levels including interrupts | 
@ Instruction cycle time: Part No. (MHz) Package 
—1 ys (fosc = 4 MHz for HD404808/ HD404808FS 4 FP-80B 
HD4074808) HD404808H FP-80A _ 
—5 us (fosc = 800 kHz for HD40L4808/ HD40L4808FS 0.8 FP-80B 
sao eaOe) HD40L4808H FP-80A 
ZTAT type 
Clock Freq. | 
Part No. (MHz) | Package 
HD4074808FS 4 FP-80B 
HD4074808H FP-80A 7 
HD407L4808FS 0.8 FP-80B 
HD407L4808H FP-80A 
@ HITACHI 


@ Four low power dissipation modes 
—Standby mode 
—Stop mode 
—Watch mode 
—Subactive mode (Functional Option) 
@ Internal oscillator: 
—Crystal or ceramic filter 
—External clock is available 
@ Voltage comparator (2 channels) 
@ Operation modes: 
—MCU mode 
—PROM mode (HD4074808/HD407L4808) 
@ Package 
~—-80-pin flat plastic package (FP-80B) 
(FP-80A) 


Program Development Support Tools 


@ Cross assembler and simulator software for 
use with IBM PCs and compatibles 


In circuit emulator for use with IBM PC 


Programming socket adapter for program- 
ming the EPROM-on-chip device 


Type of Products 
Mask ROM type 
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Pin Arrangement 


(Top View) 
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64] ]SEG32 
63| _|SEG31 
62{[ |SEG30 
61] ]SEG29 
60[ }SEG28 
59| _]SEG27 
58| ]SEG26 
s7{_ ]SEG25 
56] ]|SEG24 
55[ |SEG23 
54[ }SEG22 
53[ ]SEG21 
52] }SEG20 
511 |SEGI9 
sof ]SEG18 
49] JSEG17 
48{_|SEG16 
47{_})SeG15 
46[_]SEG14 


44] |SEG12 
43{ ]SEG11 
42 }SEG10 
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62} _} SEG32 
61] | SEG31 


(FP-80A) 
(Top View) 








s9]_]SEG29 
58|_] SEG28 
57] _J] SEG27 
56|_] SEG26 
55{_] SEG25 


53{_] SEG23 
521] SEG22 
51{_|SEG21 
s0|_] SEG20 
49|_]SEG19 
48]_} SEG18 
47|_JSEG17 
46] _]SEG16 
451] SEG15 


43|_]SEG13 
42{_ JSEG12 
41|_JSEG11 
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Block Diagram 


High current output 


pins 


R32/INTo 


| 


4 
O 
7) 
S 
S 
io) 
x 


R33/INT 
eer. 


D,2/COMPO 
D,3/COMP1 
| 


D, 1/VCret 
RO,/SI 
RO2/SO 
R29 

R2, 

R22 

R23 

R30 
R3,/TIMO 


cE93aS 
L€9aS 
o€93S 


6293S 
8293S 
£ce9aS 
9793S 
SZ93S 
vz93S 
€c9aS 
ec29aS 


Lg93S 
0294S 
6193S 
8193S 
ZL93S 
9193S 
SL93S 
vlLOas 
€t9asS 
ct93as 
LLD3S 
oVvoas 

6934S 

8953S 

£934S 


993S 
aaa) 593S 
yO3S 
€94S 
c93S 
L94asS 





a 





49UNODD 
wei6old 





LCD Driver/Controller 





Japooaq 
uononssu 


uqOlt x C6LB 
WOU 













ydns98}u] 
jeuseyxy 


Jawiy Bog YyorerjA 
/2 seu 


aseg ow] 


Feu IOS 





£ 
c 
fe) 
O 
= 
2 
” 
> 
” 


vINNOD 
EWOD 
ZWOD 
LWOO 


JO}{0.3U0F 
/49AUQ 
aol 








x1 
X2 
OSC, 
OSC2 
INT 


E 
RESET 
ROQo/SCK 


RO,/SI 
RO2/SO 


> 3 > 
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Pin Function 


Pin No. 


FP-80B FP-80A Pin Name 


1 


CO;N( OD} oj Ri a@{ nh 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


Note: 


79 


set ia a a a ad ee 


WLW) WI) WI) WI WLW) WI NI NI MINI NID] MLN LM LN] AH] elefeiyey el aml aey aero 
NLOLOP RP WIM!) 1 O;/O/!/OINID! AI BL WI NM) =| O;/O;/dOIN/ O(a! Ri ds hM)—-| oO 


38 


D2 

D3 

Da 

Ds 

De 

D7 

Dg 

Dg 

Dio 
Di1/VCret 
D1i2/COMPO 
Di3/COMP1 
TEST 

x1 

X2 

GND 
ROo/SCK 
RO,/SI 
RO2/SO 
RO3 

R1o 

R1, 

R12 

R13 

R20 

R2, 

R22 

R23 

R30 
R3,/TIMO 
R32/INTo 
R33/INT1 
SEG1 
SEG2 
SEG3 
SEG4 
SEG5 
SEG6 
SEG7 
SEG8 


1/O: Input pin Output pin, 


HD404808/HD4074808/HD40L4808/HD407L4808 
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Pin No. 
1/0 FP-80B FP-80A Pin Name 1/0 
1/O At 39 SEG9 O 
1/0 42 40 SEG10 O 
1/0 43 41 SEG11 O 
1/0 44 A2 SEG12 O 
1/0 45 43 SEG13 O 
1/O 46 44 SEG14 O 
1/O A7 45 SEG15 O 
1/O 48 46 SEG16 O 
| 49 47 SEG17 O 
| 50 48 SEG18 O 
| 51 49 SEG19 O 
| 52 50 SEG20 O 
| 53 51 SEG21 O 
| 54 52 SEG22 O 
O 55 53 SEG23 O 

56 54 SEG24 O 
1/0 57 55 SEG25 O 
1/0 58 56 SEG26 eo) 
1/O 59 57 SEG27 O 
1/O 60 58 SEG28 O 
(/O 61 59 SEG29 O 
1/O 62 60 SEG30 O 
1/O 63 61 SEG31 O 
1/O 64 62 SEG32 O 
1/O 65 63 COM1 O 
1/0 66 64 COM2 O 
1/O 67 65 COM3 O 
(/O 68 66 COM4 O 
1/O 69 67 V; 
1/O 70 68 V2 
1/O 71 69 V3 
(/O 72 70 NUMO 
O 73 71 NUMO 
O 74 72 NUMG 
O 75 73 Vec 
O 76 74 OSC, | 
O 77 75 OSC2 O 
O 78 76 RESET ] 
O 79 77 Do 1/0 
O 80 78 D, 1/0 

|: Input pin, O: Output pin, NUMO: Open, NUMG: GND 
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Pin Description 
GND, Vcc (Power) 


GND and Vcc are the power supply pins for 
the MCU. Connect the GND to the ground (0 
V) and apply the Vcc power supply voltage to 
Vec. 


TEST 


TEST is for test purposes only. Connect it to 
Vec. 


RESET 


RESET resets the MCU. Refer to Reset section 
for details. 


OSC:, OSCz2 (Oscillator Connections) 


OSC; and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. Refer to Internal 
Oscillator for details. 


X1, X2 


X1 and X2 are the watch oscillator 32 kHz 
crystal terminals. 


Port D (Do-D13) 


Port D consists of 14 1-bit I/O ports. Do-Dyg are 
I/O ports and Dio-Di3 are input ports. Do-Dg 
are high current output ports (15 mA max). 
Diu1-Di3 are also available as voltage compar- 
ators. Refer to Input/Output for details. 


Port R (RO-R3) 
Ports RO-R3 are 4-bit I/O ports. ROo, RO:, ROz2, 


R31, R32, and R33 are multiplexed with SCK, 
SI, SO, TIMO, INTo, INT:, respectively. 








INTo, INT: (Interrupts) 


INTo and INT; are external interrupts for the 
MCU. INT; can be used as an external event 
input pin for timer B. INTo and INT; are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 


SCK, SI, SO 


The transfer clock I/O pin (SCK), serial data 
input pin (SI), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 


are multiplexed with RQo, ROQi, and RO0Oz, 


respectively. For details, see Serial Interface 
section. 


TIMO 


TIMO is a variable duty-cycle pulse waveform 
output pin. See Timer C section for details. 


Vi, V2, V3 


Vi-V3 are power supply pins for the LCD 
driver. As LCD driving resistors are provided 
internally, no line should be connected to 
these pins. The voltage on each pin is Vcc=2 
Vi2V22V32GND. See Liquid Crystal Display 
section for details. 


COM1 to COM4 


These are common signal output pins for LCD 
display. See Liquid Crystal Display section for 
details. 


SEG1 to SEG32 


These are segment signals output pins for 
LCD display. See Liquid Crystal Display sec- 
tion for details. 


NUMG 
NUMG is not a user pin. Connect to GND. 
NUMO 


NUMO is not a user pin. Do not connect to any 
lines. 


COMP0, COMP1, VCrer 


COMPO, COMP1 are analog inputs for the 
voltage comparator. VCrer is used as a refer- 
ence voltage pin to input the threshold volt- 
age of the analog input pin. 
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Functional Description 
ROM Memory Map 


The MCU includes 8,192 words x 10 bits of 
ROM. ROM is described in the following par- 
agraphs and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 


Zero-Page Subroutine Area ($0000 to 
S$003F): Locations $0000 through $003F are 
reserved for subroutines. Program sequence 
branches to subroutine by CAL instruction. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $OFFF are reserved for ROM 
data. P instructions allow the MCU to refer to 
the ROM data as a pattern. 


Program Area ($0000 to S1FFF): Locations 
from $0000 to $1FFF can be used for program 
code. 


RAM Memory Map 


The MCU includes 1184 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are mapped on the RAM mem- 
ory space. RAM memory map (figure 2) is 
described in the following paragraphs. 


Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area ($004 to 
SO1F, $024 to SO3F): The special function 
registers are the mode or data registers for 


the serial interface, timer/counter, LCD, and 
the data control registers for the I/O ports. 
These registers are classified into three types: 
write-only, read-only, and read/write as 
shown in figure 2. 


SEM/REM, SEMD/REMD instructions are 
available to the LCD control register (LCR). 


Other registers cannot be accessed by RAM 
bit manipulation instructions. 


Register Flag Area ($020-$023): Locations 
$020 through $023 consist of the LSON and 
WDON flags which are bit registers acces- 
sible by RAM bit manipulation instruction. 
Note that WDON flag can only be set and 
SEM/SEMD instruction is available for this. 


LCD Data Area (S050-SO6F): Locations 
$050 to $06F store the LCD data which is 
automatically transmitted to segment as a 
display data. LCD is illuminated with 1 and 
faded with 0. This area can be used as a data 
area. 


Data Area ($040 to S2CF, $100 to S2CF; 
Bank 1): 16 digits of $040 through $04F are 
called memory registers (MR) and are acces- 
sible by LAMR and XMRA instructions (figure 
4). 464 digits of $100 through $2CF is select 
the bank of location depending on the value 
of V register. 


Stack Area ($3C0 to S3FF): Locations $3C0O 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST), and carry (CA) when sub- 
routine call (CAL-instruction, CALL-instruc- 
tion) and interrupts are serviced. This area 
can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 
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Vector Address 


Zero-Page Subroutine 
(64Words) 


Pattern 
(4096 Words) 


Program 
(8192 Words) 


Not Used 





JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 

’ JMPL Instruction 
(Jump to INT) Routine) 


JMPL Instruction 
(Jump to TIMER B Routine) 
JMPL Instruction 
(Jump to TIMER C Routine) 


JMPL Instruction 
(Jump to SERIAL Routine) 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 


—_ = 
@® A 


Figure 1. ROM Memory Map 


HITACHI 
982 Hitachi America Ltd. © Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD404808/HD4074808/HD40L4808/HD407L4808 





0 0) $000 
RAM- d Regist 1 001 

5 eee 9 Interrupt Control Bits Area : 002 
64 Memory Register (MR) 3 $003 
80! LCD Display Area (32 Digit) 4| Port Mode Reg. A = (PMRA): ~W_= |$004 


112 


5 $005 
6] Serial Data Reg. Lower (SRL): R/W {$006 
7 $007 
8 $008 
Data (464 Digitx2) 9 $009 
V=1 (Bank 1) 11 (TCBU/TLRU) : R/W |$00B 
12 $00C 
13 $00D 
| ts SF 

Not Used 15 (TCCU/TCRU) : R/W |$OOF 
16 $010 

17 $011 
Stack (64 Digit) 18 $012 
19 $013 


20] LCD Mode Reg. (LMR): W_= {$014 


Register Flag Area 


as[PonRODCR (CRO) W_|s030 
49[Por Rt DCR (OCR) |_W_|so31 
s0[ Port RZ DCR _____(DCR2)|_W_|$032 
51 $033 


Data (144 Digit) 





















$020 
$023 


32 
35 


Data (464 Digit) | | Data (464 Digit) 
V=1 (Bank 1) V=0 (Bank OQ) 





Not Used 


* Do not use any area labelled Not Used. 


59| Port Do-D3 DCR (DCRB): W_ |$03B 
60| Port D4-D7 DCR (DCRC): W_ |$03C 
61| Port Dg, Dy DCR (DCRD): W_ |$03D 


63} V Reg. (V-REG) : R/W |$03F 







R : Read Only 10 
W : Write Only 
R/W: Read/Write 11 


aC 


Figure 2. RAM Memory Map | 






14 


15 





© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 983 





HD404808/HD4074808/HD40L4808/HD407L4808 


bit 1 


IMO IFO RSP /E 
(IM of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 


IMTA IFTA M1 IF 1 
(IM of Timer A) (IF of Timer A) (IM of INT;) (IF of INT}) 


IMTC IFTC IMTB IFTB 
(IM of Timer C) (IF of Timer C) (IM of Timer B) (IF of Timer B) 


Not Used Not Used IMS IFS 
(IM of SERIAL) (IF of SERIAL) 


Interrupt Request Flag 

Interrupt Mask 

Interrupt Enable Flag 

Stack Pointer 

Each bit in the interrupt control bits area or register flag area is set by the SEM/SEMD instruction, is 
reset by the REM/REMD instruction, and is tested by the TM/TMD instruction. They are not affected 
by other instructions. Furthermore the interrupt request flag is not affected by the SEM/SEMD 
instruction. 

The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM/TMD 
instruction. 





bit 3 bit 2 bit 1 bit O 


WDON LSON 


Reserved 


SEM/SEMD instruction is available for WDON flag (can be reset only by MCU reset). 





Figure 3. Configuration of Interrupt Control Bit Area and Register Flag Area 


Memory Registers Stack Area 
Level 16 1$3CO 


PCi3 to PCo: Program Counter 


ST: Status 
Level 13 CA: Carry 
Level 12 


Level 11 


Level 10 


i bit 2 bit 1 
ever | 


Level 2 
Level 1 


Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 


The MCU provides ten registers and two flags 
for the CPU operations. They are illustrated in 
figure 5 and described in the following para- 


graphs. 


Accumulator (A), Register B (B): The 
accumulator and register B are 4-bit registers 
which hold the results of the arithmetic logic 
unit (ALU), and exchange data between 
memories, I/O pins, and other registers. 


Register V (V): Register V, available for 
RAM address expansion, selects the bank of 
location $100-$2CF on the RAM address (464 
digits) depending on its value. Therefore, 
when you access location $100-$2CF on the 
RAM address, specify the value of register V 
(V=$0; Bank 0, V=$1; Bank 1). You can access 
location $000-$0FF and $300-$3FF indepen- 
dently of register V’s value. Register V is 
located in $03F of the RAM address area. 


Register W (W), Register X (X), Register 
Y (Y): Register W is a 2-bit, and registers X 
and Y are 4-bit registers which address RAM 
indirectly. Register Y is also available for 
addressing port D. 


Register SPX (SPX), Register SPY (SPY): 
Registers SPX and SPY are 4-bit registers 
available for assisting registers X and Y, 
respectively. 


Carry (CA): The carry holds the ALU over- 
flow generated by an arithmetic operation. It 
is also affected by SEC, REC, ROTL, and ROTR 
instructions. During interrupt servicing, the 
carry is pushed onto the stack and restored 
back from the stack by RTNI instruction. (It is 
unaffected by RTN instructions.) 


Status (ST): The status holds the ALU over- 
flow, ALU non-zero, and the results of bit test 
instructions for the arithmetic or compare 
instructions. The status is a branch condition 
of the BR, BRL, CAL, or CALL instructions. 
The value of the status remains unchanged 
until an instruction which affects the next 
status is executed. The status becomes 1 after 
the BR, BRL, CAL, or CALL instruction 
whether it is executed or skipped. During 
interrupt servicing, the status is pushed onto 
the stack and restored back from the stack by 
RTNI instruction, not by RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter for holding 
the ROM address. 


Stack Pointer (SP): The stack pointer is a 10- 
bit register to indicate the next stacking area 
up to 16 levels. The stack pointer is initialized 
to $3FF on the RAM address at the MCU 
reset. It is decremented by 4 as data is 
pushed onto the stack, and incremented by 4 
as data is restored back from the stack. The 
stack pointer is initialized to $3FF either by 
MCU reset or the RSP bit reset by REM/REMD 
instruction. 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 985 





HD404808/HD4074808/HD40L4808/HD407L4808 


Accumulator 
Register B 
Register V 
Register W 
Register X 
Register Y 


Register SPX 


Register SPY 


Carry 


Status 


Program 
Counter 


Stack 
Pointer 





Figure 5. Registers and Flags 
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Interrupt 


Six interrupt sources are available on the 
MCU: external requests (INTo, INT:), timer/ 
counter (timers A, B, C), and serial interface 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM), and interrupt 
vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control inter- 
rupt operations. 


Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 


“A 
2 
re) 
og 
° 





request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to O, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 


The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
SOUICES. 


Sequence Control 

+ Push PC,CA,ST 

* Reset I/E 

* Jump to Vector 
Address 


Vector 
Address 


Figure 6. Interrupt Control Circuit Block Diagram 
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Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
executed after jumping to the vector address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF, 
which caused the interrupt service, must be 
reset by software in the interrupt service 
' program. 


Interrupt Enable Flag (I/E: $000 bit 0): 


The interrupt enable flag enables/disables 
interrupt requests (table 3). It is reset by 


Table 1. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET oo $0000 
INTo 1 $0002 
INT; 2 $0004 
Timer A 3 $0006 
Timer B 4 $0008 
Timer C 5 $000A 
SERIAL 6 $000C 


Table 2. Conditions of Interrupt Service 


interrupt servicing and set by the RTNI 
instruction. 


External Interrupts (INTo, INT): The 
external interrupt request inputs (INTo, INT:) 
can be selected by the port mode register 
(PMRA: $004). 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT: 
inputs (table 4). 


The INT: input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT; input. When 
using INT; as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT: will not be 
accepted (table 5). 


interrupt Source 


SERIAL 


Interrupt Control Bit. INTo INT; Timer A Timer B Timer C 

I/E 1 1 1 1 1 1 
IFO + IMO 1 O O 0 0) 0 
IF1 + IM1 ** 1 O 0 0) 0) 
[FTA - IMTA * * 1 0 0) 0 
IFTB - IMTB ** ** 2 1 ) O 
IFTC - IMTC * ** * * 1 0 
IFS - IMS * 2* 2 2 ** 1 
* Don't care 
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To detect the edge of INTo or INTi, it must 
need more than two instruction cycle times 
level (2tcyc/2tsuBcyc). 


External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT; inputs, 
respectively (table 4). 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests 
(table 5). 


Timer A Interrupt Request Flag (IFTA: 
$001 bit 2): The timer A interrupt request 
flag is set by the overflow output of timer A 
(table 6). 


Timer A Interrupt Mask (IMTA: $001 bit 
3): Timer A interrupt mask prevents an 
interrupt request from being generated by 
timer A interrupt request flag (table 7). 


Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 


(table 8). 


Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B interrupt request flag (table 9). 


Timer C Interrupt Request Flag (IFTC: 
$002 bit 2): The timer C interrupt request 
flag is set by the overflow output of timer C 
(table 10). 


Timer C Interrupt Mask (IMTC: $002 bit 
3): The timer C interrupt mask prevents the 
interrupt from being generated by timer C 
interrupt request flag (table 11). 


Serial Interrupt Request Flag (IFS: $003 
bit 0): The serial interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter 
(table 12). 


Serial Interrupt Mask (IMS: $003 bit 1): 
The serial interrupt mask masks the interrupt 
request (table 13). 





Instruction 1 2 3 
Cycles 


Instruction 
execution 


Interrupt 
accepted 


Stacking, 
Reset of !/E 


is generated 


JMPL instruction execution 
on the vector address 





Instruction 
execution at 
starting address 


of the interrupt 
routine 





Figure 7. Interrupt Servicing Sequence 
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Table 3. Interrupt Enable Flag 
Interrupt Enable Flag 


(1/E) Interrupt Enable/Disable 
O Disable 
1 Enable 


Table 4. External Interrupt Request 
Flag 


External Interrupt Request Flags 


(IFO, IF 1) Interrupt Request | 
O No 
1 Yes 


Table 5. External Interrupt Mask 
External Interrupt Masks 


(IMO, IM1) Interrupt Request 
O Enable 
1 Disable (masks) 


Table 6. Timer A Interrupt Request 
Flag 


Timer A Interrupt 
Request Flag (IFTA) Interrupt Request 
0 No 


1 Yes 


Table 7. Timer A Interrupt Mask 





Table 9. Timer B Interrupt Mask 
Timer B Interrupt Mask 


(IMTB) Interrupt Request 
O Enable 
4 Disable (Mask) 


Table 10. Timer C Interrupt Request 
Flag 


Timer C Interrupt 
Request Flag (IFTC) Interrupt Request 
O No 


1 Yes 


Table 11. Timer C Interrupt Mask 


Timer C Interrupt 
Mask (IMTC) Interrupt Request 
0) Enable 


1 Disable (mask) 


Table 12. Serial Interrupt Request Flag 


Serial Interrupt 
Request Flag (IFS) Interrupt Request 
0 No 


1 Yes 


Table 13. Serial Interrupt Mask 


Serial Interrupt 


Timer A Interrupt Mask Mask (IMS) Interrupt Request 
(IMTA) Interrupt Request 

0 Enable 
0 Enable 

1 Disable (Mask) 
1 Disable (Mask) 
Table 8. Timer B Interrupt Request 

Flag 
Timer B Interrupt 
Request Flag (IFTB) Interrupt Request 
0 No 
1 Yes 
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Power 
ON 
No 
Yes 
Yes 
(A) (C) 
Reset Interrupt 
MCU Accept 














1/E— O 


Stack«—(PC) 
Stack+—(CA) 
Stack+(ST) 


PC-—(PC)+1 








PC<--$000A 
PC-$ 000C 
(SERIAL Interrupt) 


Figure 8. Interrupt Servicing Flowchart 
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Serial Interface 


The serial interface transmits/receives 8-bit 

_data in serial. It consists of the serial data 
register, the serial mode register, the port 
mode register A, the octal counter, and the 
multiplexer (figure 9). Pin ROo/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The data of the serial 
data register can be written in or read out by 
software. The data in the serial data register 
can be shifted synchronously with the trans- 
fer clock signal. 





The STS instruction starts serial interface 
operations and resets the octal counter to $0. 
The octal counter starts to count at the falling 
edge of the transfer clock (SCK) signal and 
increments by one at the rising edge of the 
SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter- 
rupt request flag will be set. 


Serial Mode Register (SMR: $005): The 4- 
bit write-only serial mode register controls 
the RO ./SCK, prescaler divide ratio, and 
transfer clock source (table 14). 


Syst f | 
pare : Prescaler (11 bit) 


PMRA (4 bit). 
Port Mode 
Reg. A 


SMR (4 bit) 


Serial Mode 
ny Reg. 


Internal Bus Line (S2) Wt al 


Port 


The write signal to the serial mode register 
controls the internal state of the serial inter- 
face. 


The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying the transfer clock, and 
it also resets the octal counter to $0 simulta- 
neously. Therefore, when the serial interface 
is in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 


Data of the serial mode register will be 
changed at the second instruction after write 
instruction to the serial mode _ register. 
Therefore, it is required to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 


Serial Data Register (SRL: $006, SRU: 
$007): The 8-bit read/write serial data regis- 
ter consists of low-order digits (SRL: $006) 
and high-order digits (SRU: $007). 


The data in the serial data register will be 


OC (3 bit) 
Octal SROF IFS 
Counter 


interrupt 
Request Flag 


of Serial Inter- 
ace 


Internal Bus Line (S1) 


Cae 7 
= SR (8 bit) 
Serial Data Register ; 


Internal Bus line (S2) i 





Figure 9. Serial Interface Block Diagram 
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output from the SO pin LSB first 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data will be input from the SI pin to 
the serial data register synchronously with 
the rising edge of the transfer clock. Figure 11 
shows the I/O timing chart for the transfer 
clock signal and the data. 


The read/write operations of the serial data 
register should be performed after the com- 
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 


Selection and Change of the Operation 
Mode: Table 15 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 


Table 14. Serial Mode Register 





Initialize the serial interface by the write 
signal to the serial mode register in order to 
change the operation mode of the serial 
interface. 


Operating State of Serial Interface: The 
serial interface has three operating states: 
the STS waiting state, SCK waiting state, and 
transfer state (figure 12). 


The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by changing the operation mode 
through a change in the data in the port 
mode register, or by writing data into the 
serial mode register. In this state, the serial 
interface does not operate even if the transfer 
clock is applied. If an STS instruction is 
executed then, the serial interface shifts to 









































SMR3 ROo/SCK 

0 Used as ROo port input/output pin 

1 Used as SCK input/output pin 

Transfer Clock 
Prescaler System Clock 

SMR2 SMR1 SMRO ROo/SCK Port Clock Source Divide Ratio Divide Ratio 

0 O 0 SCK Prescaler + 2048 + 4096 
Output 

0 O 1 SCK Prescaler + 512 + 1024 
Output 

0 1 O SCK Prescaler + 128 + 256. 
Output 

0 1 1 SCK Prescaler + 32 + 64 
Output 

1 O O SCK Prescaler + 8 + 16 
Qutput 

1 O 1 SCK Prescaler + Z = 4 
Output 

1 1 0 SCK System ae 1 
Output Clock 

1 1 1 SCK External 
Input Clock 
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SCK waiting state. 


In this state, the falling edge of the first 
transfer clock causes the serial interface shift 
to transfer state, while the octal counter 
counts-up and the serial data register shifts 
simultaneously. As an exception, if the clock 
continuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. The octal 
counter becomes 000 again by 8 external 
transfer clocks or by execution of STS 


instruction, so that the serial interface returns 
to SCK waiting state, and the serial interrupt 
request flag is set simultaneously. In transfer 
state the octal counter becomes 000 by 8 
internal transfer clock, so that the serial 
interface enters STS instruction waiting state, 
and the serial interrupt request flag is set 
simultaneously. 


When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stops 





Table 15. Serial 
Mode 


Interface Operation 


Serial Interface 
SMR3 PMRA1PMRAO Operating Mode 


1 O 0) Clock Continuous 
Output Mode 

1 O 1 Transmit Mode 

1 1 O Receive Mode 


Transmit/Receive 
Mode 


PMRA : $004 


PMRA3 |PMRA2 | PMRA1|PMRAO 








SMR : $005 


— Selects transfer clocks 


Selects ROo/SCK mode . 


Selects RO,/SO pin mode 
Selects RO2/SI pin mode 


Figure 10. Configurations and the Functions of the Mode Registers 





Transfer 





Serial 
Output 
Data 









Clock | | | | | | | | | | | | | | | | 

1 2 3 4 +#§ 6 
' ' ' ' ' ' ! 
i l i i 1 i i | 
Serial Input | 
Data 
Latch Timing | 








8 






Figure 11. Serial Interface I/O Timing Chart 
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after 8 clocks. 


Program the SMR again to initialize the 
internal state of the serial interface when the 
PMRA is programmed in the transfer state or 
in the SCK waiting state. Then the serial 
interface goes into the STS waiting state. 


Example of Transfer Clock Error Detec- 
tion: The serial interface malfunctions when 
the transfer clock is disturbed by external 


noises. In this case, transfer clock error can be 
detected by the procedure shown in figure 
13. 


If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts in the following sequence: 
first, transfer state, second, SCK waiting 
state, and third, transfer state again. The 
serial interrupt request flag should be reset 
before entering into the STS waiting state by 


STS Waiting State 
fea Counter =O000 


Transfer Clock Disable 


Transfer Clock 


SCK Waiting State 


Transfer State 


8 External Transfer Clocks 


(Octal Counter =O00) 


STS Instruction 


(Octal Counter #000) 


(IFS<-1) 





Figure 12. Serial Interface.Operation State 


. 


Transfer Finished 
(IFS<-1) 


Interrupt 
Disable 


Write to 
SMR 





Transfer Clock | 
Error Processing 


Figure 13. Example of Transfer Clock Error Detection 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 995 





HD404808/HD4074808/HD40L4808/HD407L4808 


writing data to SMR. This procedure causes 
the serial interface request flag to be set 
again. 


Timer 


The MCU provides prescalers S and B (Each 
prescaler has the different input clock source 
individually), and 3 timers/counters (timers 
A, B, and C). Figures 14, 15 show their dia- 
grams. 


Prescaler S: The input to the prescaler Sisa 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except by MCU reset and 
in the stop and watch mode. The prescaler 
provides input clock signals of timers A-C and 
the transfer clock of the serial interface. They 
can be selected by the timer mode registers A 
(TMA), B (TMB), C (TMC), and the serial mode 
register (SMR), respectively. 


Prescaler W: The input to the prescaler W is 
a clock which divides X1 input clock into 8. 
The output of the prescaler W is available as 
an input clock for timer A by controlling the 
timer mode register (TMA). 


Timer A Operation: After timer A is initial- 
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A is counted up 


32kHz 
Crystal 
oscillation 


(tsuBcyc) 


Prescaler-W (5 bit) 
nN 


Timer A MPX2 
ON: TMA3=1 
TMA (4 bit) Ne TCA (8 bit) 
Timer Mode Reg. A Timer Counter A 


Timer A MPX, 


0 
N 
i N 
fe of ofe 


Prescaler-S (11 bit) 





to $FF, timer A is set to $00 again, and 
generating overflow output. This leads to 
setting timer A interrupt request flag (IFTA: 
$001, bit 2) to 1. Therefore, timer A can func- 
tion as an interval timer periodically generat- 
ing overflow output at every 256th clock 
signal input. 


To use timer A as a watch time base, set 
TMAS3 to 1. The timer counter receives pres- 
caler W output, and timer A generates inter- 
rupts with an accurate timing (reference 
clock = 32 kHz crystal oscillator). When you 
use timer A as a watch time base, prescaler W 
and timer counter can be initialized to $0 by 
setting timer mode register A. 


The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT: as INT: by 
the port mode register (PMR: $004) control to 
prevent an external interrupt request from 
occurring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 


Interrupt 
Request Flag 


ON: TMA3=0 of Timer A 


tsuBcye = 1/fsus 
teye = 1/feye 


Figure 14. Timer A Block Diagram 
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to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 
reload function is selected timer B is initial- 
ized according to the value of the timer load 


register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002, bit 0) will be set at this overflow output. 





TMB (4 bit) 
Timer Mode Reg. B 


Internal Bus Line (S1) 


TLB (4 bit) 


Timer Latch Reg. B 


MPX 


foe] 
3 
es 


Prescaler-S (11 bit) 


Foye 


(teyc) 


System 
Clock 


TCB (8 bit) 
Timer/Event Counter B 


TLR (8 bit) 
Timer Load Reg. B 


IFTB 


Interrupt Request Flag 
of Timer B 


Internal Bus Line (S2) 


Internal Bus Line (S1) 


PWMO 


TLC (4 bit) 


Timer Latch Reg. C 


Timer C MPX 


TMC (4 bit) 
Timer Mode Reg. C 





Pulse Width Modulation Out 


TCC (8 bit) 
Timer Counter C 


TCR (8 bit) 
Timer Load Reg. C 


IFTC 


Interrupt Request 


1 
' 
' Flag of Timer C 


(Watch Dog) 





Internat Bus Line (S2) 


$020, 1 


(SET only) 





Figure 15. Timer B/Timer C Block Diagram 
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Timer C Operation: The timer mode regis- 
ter C (TMC: $00D) selects the auto-reload 
function, and the prescaler divide ratio for 
timer C. 


Timer C is initialized according to the data 
written into the timer load register by soft- 
ware. Timer C counts up at every clock input 
- signal. When the next clock signal is applied 
to timer C after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 
reload function is selected, timer C is initial- 
ized according to the value of the timer load 
register. If it is not selected, timer C goes to 
$00. The timer C interrupt request flag (IFTC: 
$002, bit 2) will be set at this overflow output. 


Timer C is also available as a watch dog timer 
for detecting a program out of sequence. An 
MCU reset occurs when the watch dog on 
flag (WDON) is 1 and the counter overflow 
output is generated by the program going 
out of sequence. During timer C is stopped, 
the watchdog timer function is also stopped. 
In the standby mode, the function is enabled. 


Timer C provides a variable duty-cycle pulse 
output function (PWMO). The output 
waveform differs depending on the contents 
of the timer mode register and the timer load 
register C (figure 16). When you select pulse 
output function, set R3:/TIMO to TIMO by 
controlling the port mode register B. 


TX (TCR + 1) 


During timer C is stopped, this function is also 
stopped. 


Timer Mode Register A (TMA: $008): The 
timer mode register A.is a 4-bit write only 
register which controls the timer A operation 
as table 16 shows. The timer mode register A 
is initialized to $0 at MCU reset. 


Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write- 
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 17. The timer mode register B is initial- 
ized to $0 by MCU reset. 


The data of timer B changes at the second 
instruction cycle of write instruction. Initial- 
ization of timer B by writing data into the 
timer load register should be performed after 
the contents of TMB are changed. 


Timer Mode Register C (TMC: SOOD): The 
timer mode register C is a 4-bit write only 
register which selects the auto-reload func- 
tion, input clock source, and prescaler divide 
ratio as table 18 shows. The timer mode reg- 
ister C is initialized to $0 at MCU reset. 


The contents of the timer mode register C can 
be changed at the second instruction cycle of 
write instruction. Therefore, it is required to 
initialize the timer C after the contents of the 


Note: When TCR=$FF, 
always fixed to low. 


er 


Tx (256 — TCR) 


T: Input clock to counter (table 18) 
TCR: The value of the timer load register 





Figure 16. Variable Duty-Cycle Pulse Output Waveform 
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Table 16. Timer Mode Register A 


Source prescaler, input clock cycle, 





TMAS3 TMA2 TMA1 TMAO operation mode 
O O O O PSS, 2048 teyc Timer A mode 
1 PSS, 1024 teyc 
1 O PSS, 512 teye 
1 PSS, 128 teyc 
1 O O PSS, 32 teyc 
1 PSS, 8 toyc 
1 O PSS, 4 teyc 
1 PSS, 2 teyc 
1 0) O 0 PSW, 32 tsuBcyc Time ee mode 
1 PSW, 16 tsuBeyc 
1 O PSW, 8 tsuBcyc 
1 PSW, 2 tsuBcyc 
1 0 O PSW, TCA reset 
= 
1 0 


Notes: 1. tsuBcye = 244.14 us (when 32.768 kHz crystal oscillation is used) 

. Timer counter overflow output cycle(s) = Input clock cycle(s) x 256 

. LCD enters into halt mode when PSW/TCA reset is selected during LCD display (Power 
switch off). To display LCD contnuously, PSW/TCA reset time must be minimized by 
programming. 


WN 


© HITACHI 
Hitachi America Ltd. # Hitachi Plaza * 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 * (415) 589-8300 999 





HD404808/HD4074808/HD40L4808/HD407L4808 


timer mode register C has been changed 
completely. 


Timer B (TCBL: SO0A, TCBU: SOOB, TLRL: 
$O0A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has low-order digits (TCBL: $00A, TLRL: 
$00A) and high-order digits (TCBU: $00B, 
TLRU: $00B). (Refer to figure 15.) 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digits first, and 
then the high-order digits. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 


Table 17. Timer Mode Register B 


TMB3 Auto-reload Function 
O No 
1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 


initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digits first, and then 
the low-order digits. The count value of the 
low-order digit is obtained when the high- 
order digit is read. 


Timer C (TCCL: SOOE, TCCU: SOOF, 
TCRL: SOOE, TCRU: SOOF): Timer C consists 
of the 8-bit write-only timer load register and 
the 8-bit read-only timer/counter. These 
individually consist of low-order digits (TCCL: 
$00E, TCRL: $00E) and high-order digits 
(TCCU: $OOF, TCRU: $00F). The operation 
mode of timer C is the same as that of timer B. 


Table 18. Timer Mode Register C 


™T™C3 Auto-reload Function 
O No 
1 | Yes 


Prescaler Divide Ratio, 
TMC2 TMC1 TMCO Clock Input Source 


0 oO 0 + 2048 0 oO oO + 2048 
0 O 1 + 512 0 O 1 + 1024 
O 1 O + 128 0 1 0 + 512 
0 1 1 + 32 0 1 1 + 128 
1 0 O = 8 1 O 0) + 32 
1 0 1 = 4 1 O 1 = 8 
1 1 O oe 2 1 1 O a 4 
1 1 1 INT; (External Event Input) 1 1 1 = 2 
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Input/Output used as an input, the data control register 
(DCR) controls the output buffer. Table 19 

The MCU provides 26 I/O pins and 4 input shows I/O pin circuit types. 

only pins including 10 high current pins (15 

mA max). 26 I/O pins contain pull-up MOS The configuration of I/O buffers are shown in 

controllable by program. When each I/O is figure 19. 


Table 19. I/O Pin Circuit Type 


Applicable 
1/O pins pins 


I/O common ; Pull-up control signal 
pins (with 
pull-up MOS) 





Output 
pins (with 0 Pull-up control signal 
pull-up MOS) 


Output data SO or TIMO 


INT; 
S| 


input data 
e D10 
D, 1/VCref 
Input signal 


Di2/COMPO 
Input signal input data D13/COMP1 

Multiplexed 
with analog} 
inputs 


Analog input ( 


Mode select pin 





Note: Refer to table 20, Note 3 for RO2/SO. 
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Port D: Port D is consisted of 10 1-bit I/O 
ports and 4 input ports. Ports Do-Dg are high 
current I/O ports (15 mA max). The sum of the 
current for all ports is up to 100mA. Port D can 
be set/reset by SED/RED and SEDD/REDD 
instructions, and can be tested by TD/TDD 
instructions. An output data is stored in the 
port data register. ON/OFF of the output 
buffer for port D can be controlled by the data 
control register for port D (DCRB, DCRC, 
DCRD). The DCR is located on the memory 
address area. Pins Di9-Di3 are input only pins. 


Two operation modes are available for pins 
Diz and Di3: digital input mode and analog 
input mode. The operation modes can be 
selected by the port mode register B (PM 
RB; bits 1, 0). In the digital input mode, these 
pins can be used as input with the same 
characteristics as other I/O pins. In the ana- 
log input mode, users can read the result of 
the comparison between the reference volt- 
age as an input data. The reference voltage is 
input through Di/VCref. 


Port R: Port R, consisting of 4 4-bit I/O ports, 
can receive/transmit data by LAR/LRA and 
LBR/LRB instructions. An output data is 
stored in data register (PDR) of each pin. 


” 
za 
xe) 
is] 
Cc 
Tre 
® 
+ 
a= 


Mode 
register 





ON/OFF of the output buffer for port R can be 
controlled by the data control registers for 
port R (DCRO-DCR3). 


The DCR is located on memory address area. 


Pins ROQo, RO:, ROz are multiplexed with SCK, 
SI, SO, respectively. 


Pins R31, R32, R33 are multiplexed with TIMO, 
INTo, INTi, respectively. Refer to figure 18. 


Controlling the Pull-Up MOS: All1/O ports, 
except for pins Dio-Di3, contain pull-up MOS 
which can be controlled by program. 


Bit 3 of the port mode register B (PMRB3) 
controls activation of all pull-up MOS simul- 
taneously. Pull-up MOS is controlled by the 
port data register (PDR) of each pin. There- 
fore, each bit of pull-up MOS can be individ- 
ually on and off. Refer to table 20. 


Unused I/O Pins: If unused pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent this; pull-up with Vcc through 
internal pull-up MOS, or pull-up with Vcc 
through a 100 kO approx resistor. 


Comparator 


Figure 17. Configuration of D.2, Dis 
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SMR (Serial Mode Reg.) ADR=$005 


ROo/SCK pin mode selection 


PMRA (Port Mode Reg. A) ADR=$004 


RO2/SO pin mode selection 
RO,/SI pin mode selection 
R32/INTo pin mode selection 





R33/INT, pin mode selection 


PMRB (Port Mode Reg. B) ADR=$012 


D12/COMPO pin mode selection 
D,3/COMP1 pin mode selection 
R3,/TIMO pin mode selection 

Pull uo MOS ON/OFF selection 





Port 
fe Abit 3 Select 












| PMRB | | PMRB | pyj up MOS PMRB Port PMRB. Port PMRB Port 
| bits | | bits | ON/OFF | bit2 | bit2 Select | bit | | bit | Select Select 


a 


Figure 18. I/O Select Mode Register 
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Table 20. Input/Output by Program Control 





PRMB; bit 3 0 1 
DCR ©) 1 O 1 

PDR 0 1 ) 1 0 1 O 1 
PMOS (A) Off Off Off On Off Off Off On 
NMOS (B) Off Off On Off Off Off On Off 
Pull-up MOS Off Off Off Off Off On Off On 


Notes: 1. Combine the values of the above mode registers (PMRB3, DCR, PDR) to select input/output 
for PMOS (A), NMOS (B), and the pull-up MOS individually. 

The DCR and the PDR control each pin. And the PMRB3 controls ON/OFF of all pull-ups. 

2. The second bit of the miscellaneous register (MIS2) controls RO2/SO. When MIS2 is 1, 


PMOS (A) is off. 
RO2/SO 

MIS2 PMOS (A) 

0 On 

1 Off | 


3. Each bit of DCR corresponds to each port as follows: 


Input Data 


Input Signal 
Figure 19. Configuration of the Input/Output Buffer 
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Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode 
for oscillator, apply the RESET input for at 
least trc for the oscillator to stabilize. In all 


other cases, at least two instruction cycles of 
RESET input are required for the MCU reset. 


Table 21 shows the parts initialized by MCU 
reset, and each status. 





Table 21. Initial Value After MCU Reset 


Initial value 


Contents 


Execute program from the top of the 
ROM address 


Enable to branch with conditional 
branch instructions 


Stack level is O 

Bank O (Memory) 

Inhibit all interrupts 

No interrupt request 

Masks interrupt request 

Enable to transmit high 

Output buffer is off (high impedance) 
See port mode register A 

See port mode register B 


See timer mode register A 





items by MCU reset 
Program Counter (PC) $0000 
Status (ST) 1 
Stack Pointer (SP) S3FF 
Register V (Bank Register) (V) 0 
Interrupt Interrupt Enable Flag (1/E) 0 
Flag/Mask Interrupt Request Flag (IF) 0 
Interrupt Mask (IM) 1 
1/0 Port Data Register (PDR) All bits are 1 
Data Control Register (DCR) All bits are O 
Port Mode Register A (PMRA) 0000 
Port Mode Register B (PMRB) 0000 
Timer/Counter’' Timer Mode Register A (TMA) 0000 
Serial Interface | Timer Mode Register B (TMB) 0000 
Timer Mode Register C (TMC) 0000 
Serial Mode Register (SMR) 0000 
Prescaler S $000 
Prescaler W $00 
Timer Counter A (TCA) $00 
Timer Counter B (TCB) $00 
Timer Counter C (TCC) $00 
Timer Load Register B (TLR) $00 
Timer Load Register C (TCR) $00 
Octal Counter 000 
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Table 21. Initial Value After MCU Reset (Cont) 


Initial value 


items by MCU reset 
LCD LCD Control Register (LCR) 000 

LCD Mode Register (LMR) 0000 
Bit Register Low Speed On Flag (LSON) 0 


Watch Dog Timer ON Flag (WDON) O 


Miscellaneous Register 


item 


Carry 


Accumulator 


Register B 
Register W 
Registers X/SPX 


Registers Y/SPY 


RAM 


(MIS) 


(CA) 

(A) 

(B) 

(W) 
(X/SPX) 
(Y/SPY) 


Serial Data Register (SR) 


000 


After recovering from STOP 
mode by MCU reset 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 


The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 


@ HITACHI 


Contents 

See LCD control register 

See LCD duty/clock control 

See low power dissipation mode 


See timer C 


See miscellaneous register 


After MCU reset except for 
the left condition 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 


Same as above 


1006 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 


HD404808/HD4074808/HD40L4808/HD407L4808 


Internal Oscillator Circuit OSC,-OSC2. 32.768 kHz crystal oscillator can 
be connected to X1, X2. External clock oper- 
Figure 20 gives an internal oscillator circuit ation is available for the system oscillator. 


diagram. Ceramic filter can be connected to 


Divider 
circuit 


Timing 


System fosc Foye _ 


System clock 


(¢cpu) 


generator 


toy Mode 
circuit 


control 


1/4 


oscillator 


Sub-sys- fy Divider | Timing fsup 
tem circuit generator 
X2 oscillator 1/8 circuit 


Figure 20. Internal Oscillator Circuit 


circuit 





-» System clock 


(dpeR) 


Time base 
clock (¢cux) 














COMP1/D,3 [_] 





se SARR 


Test C= | 
X17 SHEE 


GND] 


Figure 21. Layout of Crystal and Ceramic Filter 
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Table 22. Examples of Oscillator Circuit 


Oscillator 


External clock operation 


Open OSC2 


HD404808, HD4074808 
Ceramic filter: CSA4.00MG 
(Murata) 
eo Rr=1 MQ + 20% 
C,=C2=30 pF + 20% 


HD40L4808, HD407L4808 

Ceramic filter oscillator Ceramic filter: CSB400P 

(Murata) 

Re=1 MQ + 20% | 

C,=C2=220 pF + 5% 

Ceramic filter: CSB800J 

(Murata) 

Re=1 MQ + 20% 

C,=C2=220 pF + 5% 


HD404808, HD4074808 
C1: 10~22 pF + 20% 
Co: 10~22 pF + 20% 
Re: 1 MQ + 20% 

Co: 7 pF max 

Rs: 10009 max 
f=1.0—4.2 MHz 


Crystal oscillator 





@ HITACHI 
1008 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HD404808/HD4074808/HD40L4808/HD407L4808 


Crystal: 32.768 kHz: MX38T 
C, (Nippon Denpa Kogyo) 
C,=6 pF + 20% 


Crystal 3 C2=20 pF +20% 


R,=14 ko 
Co=1.5 pF 
C2 


Crystal oscillator GND 


sete 


Co 





Notes: 1. On the crystal and ceramic filter resonator, the above circuit parameters are the one recom- 
mended by crystal or ceramic filter maker. The circuit parameters are changed by crystal, 
ceramic filter resonator and the floated capacitance in designing the board. In employing the 
resonator, please consult with the engineers of crystal or ceramic filter maker to determine the 
circuit parameter. 

2. Wiring among OSC;, OSC2 (X1, X2) and elements should be as short as possible, and never 
cross other wiring. Refer to figure 21. 

3. When 32.768 kHz crystal oscillator is not used, pin X1 must be fixed to Vcc and pin X2 must 
be open. 
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Liquid Crystal Display (LCD) 


The MCU contains 4 common signal pins, the 
controller, and the driver. The controller and 
the driver drive 32 segment signal pins. The 
controller consists of display data RAM, the 
LCD control register (LCR), and the duty/ 
clock control register (LMR) (figure 22). 4 duty 
cycles and LCD clocks are available by pro- 


Power Switch 


LCD 
Power 
Supply 
Control 


Circuit Display ON/OFF 


| p35 
Display 
Control 


Register 
LCR $013 Display 


Area 


Dual a) 
RAM 


LMR $014 


Duty/LCD 
Cloock Cont- 
rol Register 


RAM Area 


gram control. And the MCU contains the dual 
port RAM. Thus displayed data can be trans- 
ferred to segment signal pins automatically 
without program control. When you select 32 
kHz oscillation clock as an LCD clock source, 
the system allows the LCD display even in 


the watch mode in which the system clock 
halts. 


LCD 
Common 
Driver 


LCD 
Segment 
Driver 


D SEG32 


Duty Selection 


Clock Selection 


LCD: Liquid Crystal Display 





3 System Clock Dividing 
Output (CL1—CL3) 
32 kHz Clock Dividing 
Output (CLO) 


Figure 22. LCD Driver Configuration 
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LCD Data Area and Segment Data ($050- 
SO6F): Figure 23 shows the configuration of 
LCD RAM area. Each bit of this area, corre- 
sponding to 4 types of duty cycles can be 
transmitted to segment as a display data by 
programming the area corresponding to the 
duty cycle. 


LCD Control Register (LCR: $013): The 
LCD control register is a 3-bit write only reg- 
ister which controls the blanking of the LCD, 
activation of the power switch and the dis- 
play in the watch mode/subactive mode (ta- 
ble 23). 


- Blank/Display 
Blank: Segment signal is faded irrespective 
of the LCD RAM data. 
Display: LCD RAM data is transmitted as a 


segment signal. 


- Power Switch ON/OFF 


- Watch Mode/Subactive Mode Display 


OFF: Power switch is off. 


ON: Power switch is on, and Vi; is Vec. 


OFF: In the watch mode/subactive mode, 
all common/segment pins are fixed to GND. 


And power switch is off. 


ON: In the watch mode/subactive mode, 
LCD RAM data is transmitted as a segment 


signal. 


LCD Duty Cycle/Clock Control Register 
(LMR: $014): The LCD duty cycle/clock con- 
trol register is a write only register which 
specifies 4 display duty cycles and reference 
clock for LCD (table 24). 





bit 3 bit 2. bit 1 bit O 


80|SEG 1 $050 
82 SEG. 3 $052 
83 SEG 4 $053 
84 SEG 5 $054 
85 SEG 6 $055 
86 SEG 7 $056 
87 SEG 8 $057 
88 SEG 9/SEG 9 $058 
89 SEG 10| SEG 10 $059 
90| SEG 11 SEG 11 | SEG 1 
91 SEG 12 $05B 
92 SEG 13 $05C 
93 SEG 14 $05D 
94 SEG 15 $O5E 
95 SEG 16 SO5F 


COM4 COM3 COM2 COM 1 













Figure 23. Configuration of LCD RAM Area (Dual Port RAM) 


96 

97 

98 

99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 


bit 3 bit 2. bit 1 bit O 


SEG 18 SEG 18 
SEG 19 SEG 19 
SEG 20 SEG 20 


SEG 22 | SEG 22 | SEG 22 | SEG 22 
SEG 23 | SEG 23} SEG 23 | SEG 23 


SEG 24] SEG 24} SEG 24! SEG 24 


SEG 25|SEG 25| SEG 25 | SEG 25 








$060 
$061 
$062 
$063 
$064 
$065 
$066 
$067 
$068 


SEG 26 | SEG 26 | SEG 26 | SEG 26 | $069 


SEG 27 | SEG 27 | SEG 27 | SEG 27 | SO6A 








SEG 28| SEG 28 | SEG 28 | SEG 28 


SEG 29} SEG 29 | SEG 29 | SEG 29 


SEG 30} SEG 30 | SEG 30 


SEG 31 
SEG 32 | SEG 32 | SEG 32 
COM4 COM3 COM2 COM 1 
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$06B 
S06C 
$06D 
$SO6E 
SO6F 
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Table 23. LCD Control Register 


LCR Watch Mode/ LCR LCR 

——— — Subactive Mode ———— Power Switch —#——— Blank 
bit 2 Display bit 1 ON/OFF bit O /Display 
O OFF O OFF O Blank 

1 ON 1 ON 1 Display 


Note: Incase of LCD in the watch mode, use divider output of 32 kHz oscillator as an LCD clock and 
set LCR bit 2 to 1. When system oscillator divider output is used as an LCD clock, set LCD bit 
2 to O. 


Table 24. LCD Duty Cycle/Clock Control Register 


LMR 
bit 3 bit 2 | bit 1 bit 0 Duty Cycle Select/Input Clock Select 
0 0 1/4 Duty Cycle 
0 1 1/3 Duty Cycle 
1 0 1/2 Duty Cycle 
1 1 ‘Static 
O 0 CLO (32.768 kHz/64; when 32.768 kHz oscillator is used) 
0 1 CL1 (feyc/256) 
1 0) CL2 (feyc/2048) 
1 1 CL3 (Refer to table 25) 


Note: fcyc is a system oscillator divider output. 


LCR (LCD Control Reg.) ADR=$013 


Blank/Display 

Power Switch ON/OFF 

Display ON/OFF at Watch Mode 
(Not Used) 


LMR (LCD Mode Reg.) ADR=$014 


\ Duty Cycle Selection 


} Input Clock Selection 





Figure 24. LCD Control Register 
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Table 25. LCD Frame Fequency 


Duty Cycle: Static 

















bit 3 bit 2 












bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 0 1 1 0 1 1 
CLO CL1 CL2 CL3 * 


Instruction 
Cycle Time 






10us 


512Hz 390.6Hz 


Duty Cycle: 1/2 


24.4Hz/64Hz 


244Hz/64Hz 







bit 3 bit 2 
1 1 
CL3 * 
Instruction 
Cycle Time 






10us 195.3Hz 12.2Hz/32Hz 


Tus 256Hz 1953Hz 244Hz 122Hz/32Hz 


Duty Cycle: 1/3 















bit 3 bit 2 
1 1 
CL3 * 






bit 3 bit 2 
0 0 
CLO 


bit 3 bit 2 
0 1 
CL1 









bit 3 bit 2 
1 O 
CL2 





Instruction 
Cycle Time 










170.6Hz . 8.1Hz/21.3Hz 


81.3Hz/21.3Hz 


130.2Hz 16.3Hz 











170.6Hz 1302Hz 162.6Hz 


Duty Cycle: 1/4 












bit 2 bit 2 


1 













bit 3 bit 2 
1 0 
CL2 


bit 3 bit 2 
1 1 
CL3 * 





Instruction 
Cycle Time 





10us 6.1Hz/16Hz 





61Hz/16Hz 
* Division ratio differs depending on the value of bit 3 of the timer mode register (TMA3) (TMA3 = O/ 
TMA3 = 1). 


TMA3=0 —CL3=fryc/4096 


TMA3 = 1 CL3=32.768 kHz/512 
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Large LCD Panel Driving and Driving 
Voltage (Vicp): When using a large LCD 
panel, lower the dividing resistance by atta- 
ching external resistors parallely to the 
internal dividing resistors. (See figure 25.) 


Since the liquid crystal display board is 
matrix configuration, the path of the charge/ 
discharge current through the load 
capacitors is very complicated. Moreover, 
since it varies depending on display condi- 
tion, a value of resistance cannot be simply 
determined by referring to the load 


Vcc = Vico 2 GND 





capacitance of liquid crystal display. A value 
of resistance must be experimentally deter- 
mined according to the demand for power 
consumption of the equipment in which the 
liquid crystal display is implemented. 
Capacitor C (0.1 to 0.3 uF) is recommended to 
be attached. In general, R is 1 kQ to 10 kQ. 


Figure 25 shows a connection when chang- 
ing the liquid crystal driving voltage (Vicp). In 
this case, power supply switch for dividing 


resistor (power switch) must be turned OFF. 
(Bit 1 of the LCR register is 0). 


C =0.1 — 0.3 uF 


= Lt. signal 


- | 8-digit LCD 


1/2 Duty, 1/2 Bias Drive 


3 
7) With 10-digit 
- C), with signal 


1/4 Duty, 1/3 Bias Drive 


Figure 25. An Example of LCD Connection 


@ HITACHI 


1014 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 e (415) 589-8300 





HD404808/HD4074808/HD40L4808/HD407L4808 


Operating Modes 
Low Power Dissipation Mode 
The MCU has five operation modes. 


Active Mode: In the active mode, the MCU 
operates through clocks generated in the 
oscillator circuits: OSC; and OSCz. 


Standby mode: Execute SBY instruction to 
put the MCU into the standby mode from the 
active mode. In standby mode, the oscillator 
circuit is active and interrupts, timer/counter, 
and the serial interface continue working. On 
the other hand, the CPU stops since the clock 


related to the instruction execution stops. 
Registers, RAM, and I/O pins retain their 
previous states. 


Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 after instruction 
execution, the interrupt is executed, while if 
it is O, the interrupt request is put on hold and 
normal instruction execution continues. In 
the latter case, the MCU becomes active and 
executes the next instruction following the 
SBY instruction. (figure 27) 


Table 26. Low Power Dissipation Mode Function 


Condition 


Instruction Peripheral Clock 


Operating Activated System Sub-system execution interrupt 


interrupt Register/ 


Mode by oscillator oscillator (¢cpu) (SPER) | (dcLK) RAM Flag’ 1/O Released by 
Active RESET Active Active Active Active Active Active Active Active? RESET input 
mode release STOP/SBY 
Interrupt instruction 
request 
Sandby STBY Active Active Stop Active Active Hold Hold Hold RESET input 
mode instruction . Interrupt 
request 
Stop TMA3 = 0,Stop Active! Stop Stop Stop Hold Reset High RESET input 
mode Stop impedance? 
instruction 
Watch TMA3=1, Stop Active Stop Stop Active2 Hold Hold Hold? Reset input 
mode Stop INTo or 
instruction Timer A 
interrupt 
request 
Sub-active* INTp from Stop Active Active Stop Active2 Active Hold/ Active RESET input 
mode watch mode Active STOP/SBY 
or Timer A instruction 
interrupt 
request 





Notes: 


To minimize Icc, stop the oscillation by external circuit. 


Refer to interrupt frame section for details. 


Sub-active mode is a functional option specified via function option list. 
On using watch mode or Sub-active mode, 32.768 kHz crystal oscillator is essential for 


1. 
2. 
3. Refer to table 27. 
4. 
5. 


MCU. 
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Table 27. I/O State in the Low Power Dissipation Mode 


Output Input 
Standby mode, Stop mode Active mode, 
Watch mode Sub-active mode 
Do-Dg Retained High Input enable 
impedance 
Di0-Di3 Input enable 
RO-R3 Retained High Input enable 
impedance 


Table 28. Operations in the Low Power Dissipation Mode 


Stop Watch | Standby Sub-active 

mode |imode_ |mode bine 
ee tae Hold 
psf 
Stop 
Stop 
L Active/ 4 
EMMA 
LCD Reset fStop Uy, 


Notes: 1. Output pins are in the high impedance state. 
2. Zz: in operation 
3. Sub-active mode is a functional option specified via functional option list. 
4. When a clock is input in the exterral clock mode, transmit-receive operation is performed. 
(Interrrupt processing stops.) 






Hold 


VEWER 












4 Stop 


a aL 
N \N 


Yj, Stop* 
: Activ e/Z 


Ae] 


Yi Yy 
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poococo ne eo ae a arr an ee eee ee 


Standby Mode 


Oscillate 
Oscillate 


Stop 
Foye 
feye 





Oscillate 
Oscillate 
Stop 


fsus 


foyc 





| Interrupt | 
Timer A,B,C 


semiat 


SERIAL 


SBY (Standby) : 
| 
| 


INTo, INT; 


SBY (Standby) 


| | 
| Interrupt | 


| (Timer A,B,C\ | 
: : 
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Active 





INTo, INT; 


fosc: Main Oscillator 


fx: Sub Oscillator 
for Time-Base 


Foye: fosc/ 4 
fsus: fx/8 


écpu = System Clock 

éctx = Clock for Time-Base 

éperR = Clock for other 
Peripheral Function 

LSON: Low Speed ON Flag 


PPER' 


Notes: 1. 
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Active 


Stop 


base. 


% 
| 
| 
| 
| 
| 
| 
! 
| 
! 
| 
| 
| 
l 
I 


dcpu" 


Active 


Active mode 


Sub-active mode 


2. cpu is a system clock. 


(TMA3 = 1) 


RESET 


Mode 


Oscillate 
Oscillate 


foye 


foye 
Foye 





(TMA3 = 


Oscillate 


Oscillate 





fove 
fsup 


foye 


Sub Active Mode 


Stop 
Oscillate 


fsup 


fsus> 
Stop 
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*1): Time-base interrupt 


@rer is a clock for peripheral functions other than time 


Figure 26. MCU Operation Mode Transfer 


Stop Mode 
; (TMA3=0) 
| 
| STOP Stop 
Oscillate 
| Stop 
Stop 
Stop 
| 
0) | 
: Watch Mode 
| 
PO Se eg eo eeret a 
| I(TMA3=1, LSON=0) | 
| 
| STOP Stop | 
| = Oscillate 
INT, 
Timer A*! | Stop 
fsup | 
= Stop | 
| | 
| \ 
STOP/ | | 
oBY: 3, : 
| | 
| 
STOP \(TMA3=1, LSON=1) | 
NTS: i ; ) | 
Timer A*' fosc Stop | 
ry fx Oscillate | 
: | dcpey Stop | 
STOP/SBY 1} ¢ck = fsus | 
i} PPER Stop | 
a J 
Stop 
Standby mode 
Watch mode (TMA3= 1) 
Stop mode (TMA3=0) 
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Oscillator Stop 


Oscillator Active 
Sub Oscillator Active 


Peripheral Clocks 

Active Peripheral clocks Stop 
All Other Clocks All Other Clocks Stop 
Stop 


No 


Cc 
SD 


(SBY only) 


(SBY only) 


Restart Restart 
Processor Clocks Processor Clocks 


Execute 
Next Instruction 
(Active Mode) 


“<—> 
Yes 
Execute Interrupt 


Figure 27. MCU Operating Flowchart 
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Stop Mode: Execute STOP instruction to put 
the MCU into the stop mode when the MCU is 
in the active mode and TMAS3 is 0. In the stop 
mode, oscillator circuit and every function of 
the MCU stops. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 28, 
reset input must be applied at least trc to 
stabilize oscillation. (Refer to AC Character- 
istics table.) After stop mode is cancelled, 
RAM retains the previous state, but the 
accumulator, register B, register W, registers 
X/SPX and Y/SPY, and carry may not retain 
their contents. 


| Stop mode | 


Internal clock = oe oo 


RESET — .. 


STOP instruction execution 


Watch Mode: The MCU enters Watch mode 
by the STOP instruction during Active mode 
and TMA3 = 1 or by the STOP or SBY instruc- 
tion during Sub Active mode. Watch mode 
can be canceled by the RESET input or timer 
A/INTo interrupt request. For a detailed 
description of the RESET input in canceling 
mode, see Stop mode section. If Watch mode 
is canceled by the timer A/INTo interrupt 
request, the MCU enters either Active mode 
or Sub Active mode depending on the state of 
the LSON bit. When the MCU enters Active 
mode, the interrupt request is delayed for a 
half of the interrupt frame period (trc) in 
order to wait stabilization of the system 
oscillation (figure 29). In this case, MCU 


| tres | 


(more than stabilization time: trc) 





Figure 28. Timing Chart of Recovering from Stop Mode 


Active mode 


Interrupt 
strobe 


Interrupt 
request 
generation 


(only in 
entering 
Active mode) 


Watch mode 


ee | 
ot 


Oscillation 


stabilization 
time Active mode 


P) 
if) 


T=2 Xtac: Interrupt frame period 


Figure 29. 





Interrupt Frame 
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operation is the same as that when canceling 
Standby mode (figure 27). 


Sub-Active Mode: In the sub-active mode, 
the MCU operates with the clock generated 
in the oscillator circuit; X1-X2. Timer A/INTo 
interrupt is generated in this mode with the 
timing synchronously with the interrupt 
frame timing. 


Note that sub-active mode is a functional 
option. Therefore sub-active is available for 
the devices provided with this option. 


Interrupt Frame: In Watch mode and Sub 
Active mode, the time-base clock (¢ctx) is 
applied to timer A and the INT» circuit. Pres- 
caler W and timer A operates as the time- 
base and generate the timeing clock for the 
interrupt frame. The interrupt frame period 


MIS: $00C 


(Not Used) 





Active mode 


\ trc selection 


Refer to Table 20 





Watch mode 


(T) depends on the state of the miscellaneous 
register as shown in figure 30. 


In Watch_mode and Sub Active mode, the 
timer A/INTo interrupt occurs synchronously 
with the interrupt strobe timing clock. When 
the MCU wakes up to Active mode from 
Watch mode, the interrupt request is delayed 
for a half of interrupt frame period (trc). The 
falling edge of INTo, which is input regardless 
of the interrupt frame clock cycle, is equiva- 
lent to that synchronous with the interrupt 
strobe clock just after the falling edge. During 
oscillation stabilization (trc) the falling edge 
of INTo is not recognized. An overflow and 
interrupt request in timer A _ occurs 
synchronously with the interrupt strobe 
clock. 


MIS Oscillation 
SAC aus ae circuit 
.bit 1 bitO tre 


condition 
0 0.12207 ms External clock 


input 
ceramic 
filter, crystal 


Not Used — 


The value of trc is applied only when using 
32.768 kHz oscillator. 


Oscillation 


stabilization time Active mode 


t 

IFTA 
(Timer A int. Flag) | ! 
! 


(1) 


INTo input 
INTo 
(Internal signal) 


IFO 
(External int. Flag) 











Figure 31. INT» Detect Timing 
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Limitation on Use 
Please pay attention to the following items. 


When MCU goes from watch mode to active 
mode by timer A interrupt request under the 
following conditions, the timer A interrupt 
request flag (IFTA) and also the external 
interrupt request flag (IFO) will be set. 


(1) MCU goes from active mode to watch 
mode in INTo low state. 

(2) INTo is low state during watch mode. 

(3) MCU goes from watch mode to active 
mode by timer A interrupt in INTo low 
state. 


Interrupt flag will be set by falling edge of 
INTo input signal and will not be set without 





this edge in regular case. However the inter- . 
nal INTo signal is initialized during Ist teyc 
after the MCU transition from watch mode to 
active mode by timer A interrupt, therefore 
the falling edge will be generated internally 
with INTo low state during this Ist tcyc. This 
edge will cause to set IFO. (figure 31) 


The INTp input must be high if MCU goes from 
watch mode to active mode by the timer A 
interrupt. 


MCU Operating Sequence 


The MCU operates according to the flow- 
charts shown in figures 32 to 34. 


Note that RESET input is asynchronous. 
Therefore, the MCU is reset immediately after 
the RESET input supply. 


Operation 
cycle 


Figure 32. MCU Operating Sequence (Power On) 
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MCU Operation 
Cycle 


Instruction 
Execution 


SBY/STOP 1/E<-O 
instruction Stack<(PC),(CA) (ST) 


| Low Power Mode 
| Operation 
Cycle 


Ue setae 


PC<Next PC<Vector 
location address 


IF: Interrupt Request Flag 
IM: Interrupt Mask 

1/E: Interrupt Enable Flag 
PC: Program Counter 
CA: Carry 

ST: Status 





Figure 33. MCU Operating Sequence (MCU Operation Cycle) 
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Low Power Mode 
Operation Cycle 


SBY/WATCH 
eles STOP mode 


Hardware NOP Hardware NOP 
Execution Execution 


PC<Next PC<Next 
location address 


Instruction 
Execution 


* > For the kind of IF and IM, 
Aer ane see figure 27 MCU Operating 
: Flowchart. 





Figure 34. MCU Operating Sequence (Low Power Mode Operation) 
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Pin Description in PROM Mode 


The HD4074808/HD407L4808 
microcomputer incorporating PROM. In the 


is a ZTAT 


PROM mode, the MCU does not operate and 
the HD4074808/HD407L4808 can program 
the on-chip PROM. 


Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode 
FP-80B FP-80A Pin Name 1/O Pin Name 1/O _ FP-80B FP-80A Pin Name 1/O Pin Name 1/O 
1 79 De /O Og iO 41 39 SEGQ9 O 
2 80 D3 /O O03 /O 42 40 + SEG10 O 
3 1 Da /O O4 /O 43 41 SEG11 O 
4 2 Ds 0 Os /O 44 42 SEG12 O 
5 3 De /O Og /O 45 43 #£SEG13 O 
6 4 D7 0 O7 /O 46 44 #SEG14 O 
7 5 Dg 1/O 47 45 #£SEG15 O 
8 6 Dg 1/0 48 46 #£SEG16 O 
9 7 Dio | Vpp 49 47  SEG17 O 
10 8 Dii/VCrep | Ag | 50 48 #SEG18 O 
11 9 D12/COMPO | Mo | 51 49 SEG19 O 
12 10  Dy3/COMP1 | M, | 52 50 #£SEG20 O 
13 11 TEST TEST | 53 51 SEG21 oO 
14 12 X1 | GND 54 52 SEG22 O 
15 13. -X2 O 55 53 SEG23 O 
16 14. GND GND 56 54 #SEG24 O 
17 15 RO/SCK 1/0 A, | 57 55 SEG25 O 
18 16 ~RO,/SI /O Ag | 58 56 #£SEG26 O 
19 17 + RO2/SO /O A3 | 59 57 #SEG27 O 
20 18 ~~ # RO3 /O Aa | 60 58 #SEG28 O 
21 19 = Rilo VO As | 61 59 SEG29 O 
22 20~ Ri; /O Ag | 62 60 #£SEG30 O 
23. «21 R12 VO Az | 63 —s«6 1 SEG31 O 
24 22 R13 /O Ag | 64 62 #SEG32 O 
25 23 °&#R2 /O Ao | 65 63 #4COM1 O 
26 24 =~ R2, /O Aro | 66 64 #COM2 O 
27 +25 R22 VO An | 67 65 COM3 O 
28 26 ~ R23 VO Ar | 68 66 COM4 O 
29 27 ~# R3o VO Ar3 | 69 67 WV 
30 28 #R3:/TIMO 1/0 Aig | 70 68 #£Ve 
31 29 R32/INTo 1/0 CE 71 69 V3 Vcc 
32 30 #R33/INT; 1/0 OE | 72 70 NUMO O 
33.331 SEG1 O 73 —«Oo71 NUMO O 
34 32 £SEG2 O 74 72  NUMG Vec 
35 33 SEG3 O 75 73 Vcc Vec 
36 34 SEG4 O 76 74 OSC, | Vec 
37. 35 SEGS5 O 77 75 £OSC2 O 
38 36 #£SEG6 O 78 76 RESET | RESET | 
39 37  #SEG7 O 79 77 Do 0 Qo 1/O 
40 38 °+#SEG8 O 80 78 Dy, //O O; 1/O 
Note: 1!/O: Input/output pin, |: Input pin, O: Output pin 
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Pins for PROM Mode (HD4074808) 


Vpp: Apply the programming voltage (12.5 V 
+ 0.3 V) to Vpp. 


CE: Program the internal PROM and input 
the control signal to enable verify. 


OE: Input the data output control signal 
when verifying. 


HD4074808FS/HD407L4808FS 


- - - -— = 


(Top View) 





Ao-Aia: Ao-Ai4 are address input pins of the 
internal PROM. 


Oo-O7: Oo-O7 are data bus I/O pins of the 
internal PROM. 


Mo, Mi: Mo, M; are for PROM mode specifica- 


tion. To put the MCU into the PROM mode, 
pull Mo, Mi, and TEST low, and RESET high. 


HD4074808H 
HD407L4808H 


ee ee ee 


(FP-80A) 
(Top View) 


Figure 35. PROM Mode Pin Arrangement 
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Programmable ROM Operation 


The MCU on-chip PROM is programmed in 
PROM mode (figures 36, 37). PROM mode is 
set by bringing TEST, Mo, and Mi: low, and 
RESET high as shown in figure 36. In PROM 
mode, the MCU does not operate. It can be 
programmed like a standard 27256 EPROM 
using a standard PROM programmer and an 
80-to-28-pin socket adapter. Table 30 lists 
recommended PROM programmers and 
socket adapters. 








Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series mi- 
crocomputer incorporates a conversion cir- 
cuit to use a general purpose PROM pro- 
grammer. By this circuit, an instruction is read 
or programmed using 2 addresses, lower 5 
bits and upper 5 bits as shown in figure 37. 
For example, if 8 kwords of on-chip PROM are 
programmed by a general purpose PROM 
programmer, 16 kbytes of addresses ($0000- 
$3FFF) should be specified. 


Programming And Verification 
The MCU can be high-speed programmed 
without causing voltage stress or affecting 


data reliability. 


Table 29 shows how programming and veri- 


fication modes are selected. 


Figure 38 is a programming flowchart, and 
figure 39 is a timing chart. For precautions on 
PROM programming, refer to ZTAT MCU On- 
Chip PROM Characteristics and Precautions 
for Applications. 


Precautions 


1. Addresses $0000 to $3FFF must be spec- 
fied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may not 
.be programmed or verified. Note that the 
plastic package type cannot be erased 
and reprogrammed. Data in unused ad- 
dresses rnust be set to $FF. 


2. Be careful that the PROM programmer, 
socket adapter and LSI match. Using the 
wrong programmer of socket adapter may 
cause an overvoltage and damage the LSI. 
Make sure that the LSI is firmly fixed in 
the socket adapter, and that the socket 
adapter is firmly fixed in the programmer. 


3. The PROM should be programmed with 
Vpp=12.5 V. Other PROMs use 21 V. If 21 V 
is applied to the MCU, the LSI may be 
permanently damaged. 12.5V is Intel's 
27256 Vpp. 





Table 29. PROM Mode Selection 


Pin 
Mode CE OE Vpp Oo-07 
Programming Low’ High Vpp_ Data input 
Verify High Low  Vpp_ Data output 





Programming High High High 
inhibited VP impedance 


Table 30. PROM Programmers and Socket Adapters 


PROM Programmer 


ee eee aera RN rt 





Socket Adapter 


Maker T name Maker Type name Package Type 
DATA 1/0 121B Hitachi HS460ESFO1H FP-80B a 
29B HS460ESFO3H FP-80A 

Under Development 
AVAL Corp PKW-1000 Hitachi HS460ESFO1H FP-80B 

HS460ESFO3H FP-80A 

Under Development 
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Address 


AoA, 4 





Figure 36. PROM Mode Function Diagram 


$0000 {})\}} 1 y : bit4 , bit3, bit2 , biti | bitO | Lower 5 bits JMPL Instruction 


$ooo1 (Ila. Tbe. bee, bIT. BEE. bis dent & bite f 8.0000 (Jump to RESET Routine) 
i Vector Address JMPL Instruction 


(Jump to INT, Rouitne) 


$ OOOF JMPL Instruction 
$ 0010 (Jump to INT, Routine) 


Zero-Page Subroutine IMP Inewicnon 
(64 Words) (Jump to TIMER A Routine)| ¢ 9907 
JMPL Instruction 
(Jump to TIMER B Routine)} $ 0009 
JMPL Instruction 
Pattern (Jump to TIMER C Routine) } $ O00B 
(4096 Words) JMPL Instruction 
(Jump to SERIAL Routine) 
$ 


Program 
(8198 Words) 


(Note) 
Not Used 


oF 
Three bits are not used. 


(Set to 111) . 
Note: When reading this address space, $ FF is output. 





Figure 37. PROM Mode Memory Map 
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‘Set Prog/Verify mode 





Vep = 12.5:+ 0.3V, Vcc = 6.0+0.25V 


Address + 1 — Address 


Program topw = 3nms 


Last 
Address? 
YES 
Set Read Mode 


Vec =5.0+0.5 V, Vpp = Vec +0.6V 


Reaca 
Ait Address 


GO 
C End _) 





Figure 38. High Speed Programming Flowchart 


Program Verify 


Address") RCA 


I 
| 

ea ae 
{___Datain Stable} {Data Out Valid } 
PT 





Figure 39. PROM Program/Verify Timing 
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Programming Electrical Characteristics 


DC Characteristics 
(Vcc=6 V + 0.25 V, Vee=12.5 V + 0.3 V, Vss=0 V, Ta=25 °C + 5 °C, unless otherwise 
noted. ) 


Item Symbol Min Typ Max Unit Test Condition 


Input high voltage Oo—O7, Ao—Ai4, OE, CE Vin 2.2 5.5 V 

Input low voltage Oo—07, Ao—Ai4, OE, CE Vir -0.3 0.8 V 

Output high voltage Oo—O7 VoH 2.4 V i lon= — 200 vA : 
Output low voltage Oo—O7 VoL 0.4 V loL=1.6 mA 
input leakage current Oo—O7, Ao—Ata, OE, CE [hI 2 uA Vn=5.25V/0.5V _ 
Vec current Icc 30 mA 

Vpp Current Ipp 40 mA OO 


AC Characteristics 
(Vec=6 V + 0.25 V, Vep=12.5 V + 0.3 V, Ta=25 °C + 5 °C, unless otherwise noted.) 


Item Symbol Min Typ Max Unit Test Condition 




















Address set-up time tas 2 us Figure 38* 
OE set-up time | tors 2 us 

Data set-up time tos 2 us 
Address hold time tay O us ; 
Data hold time toy 2 us 
Output disable delay time tor 130 ons 

Vpp set-up time tves 2 us 
Program pulse width tew 0.95 1.0 1.05 ms 

CE pulse width when overprogramming topw—tié2*«w BW 78.75 ms 
Vcc set-up time tvcs 2 / us 

Data output delay time ton O- _ 500 ns 


* Input pulse level 0.8to2.2V 
Input rising/falling time<20 ns 


Timing reference level fees Oe a 
output: O.8V, 2.0V 
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Precautions on PROM Program- 
ming 


Principles of PROM Programming/ 
Erasing 


' The ZTAT microcomputer has the same type 
of the memory cell as the EPROM. The PROM 
is programmed by applying high voltage to 
the control gate and drain and injecting hot 
electrons into the floating gate, in the same 
way in the EPROM programming. The elec- 
trons in the floating gate remains stabilized, 
surronded by the energy barrier of SiO2 film. 
By this electrons, the threshold voltage in the 
memory cell changes and the corresponding 
bit goes to 0. . 


The hot electrons are reduced as over time. 
This reduction is caused by: 


1. Ultraviolet light---:--+-+++++-++++++- The electrons 
are discharged by the ultraviolet light 
(erasure principle) 

2. Heat See eeseeseceneetsecccecesccseoeneees The electorns, 
which are excited by heat, are discharged 

3. Application of high voltage---The number 
of electrons is reduced due to the high 
voltage which is applied to the control gate 
and drain . 


If there is any failure in the oxide film, the 
charge is markedly reduced; however, in 
general, such reduction does not occur, since 
devices which failed are usually excluded 


Control gate 
a nl 


Floating gate 


OOOGOD Drain 


Source 


Programming (0) 


during screening tests. 


When the memory cell does not have any hot 
electrons in the floating gate, the corre- 
sponding bit goes to 1. 


PROM Programming 


PROM programming should be performed 
under specified voltage and timing condi- 
tions. The higher the prgram voltage (Vpp) 
and the longer the program pulse width 
(tpw), the more electrons will be injected into 
the memory cell. If an overvoltage is applied, 
a P-N junction may be permanently 
damaged. It is especially important to note 
that an overshoot occurs in the PROM writer. 
Moreover, negative voltage noise causen a 
parasitic transistor effect, which can reduce 
the apparent breakdown voltage. 


During PROM programming, the ZTAT 

microcomputer is electrically connected with 

the PROM writer via the socket adapter. The 
user should ensure the following: 

1. Confirm that the socket adapter is firmly 
connected to the PROM writer before 
beginning PROM programming. 

2.Do not touch the socket adapter and the 
LSI during programming; this can cause 
faulty contacts, resulting in programming 
errors. 


Control gate 
SiO. 


Floating gate 


Source 


Drain 


Erasing (1) 


Cross-section of EPROM Memory Cell 





Figure 40. Cross Section of PROM Memory Cell 
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PROM Reliability after Programming 


In general, semiconductor devices retain 
their reliability, if some initial failures can be 
rejected. Initial failures can be rejected by 
adequate screening. Baking the device under 
high-temperature conditions is a screening 
method which eliminates initial shorttime 
data hold failures in the memory cell. (See 
Principles of PROM Programming/Erasing). 


Programming 
Verification 


Exposure in high temperature 
without applying any power 
150°C + 10°C, 48 Hr + 8 Hr* 

—- OHr 


Confirmation of reading 
Vec=4.5V or 5.5V 


* Exposure time is the period starting from 
when the temperature in the baking furnace 
reaches 150°C. 





Recommended Screening 
Procedure 


Figure 41. 


ZITAT microcomputer devices realize good 
reliability because they have been subjected 
to such screenign during the water fabrica- 
tion process. It is recommended that the user 
expose the device to 150°C at one atmosphere 
after programming in order to verify device 
performance. 


Figure 41 shows the recommended screening 
procedure. 


(note) If programming errors occur se- 
quentially during PROM programming, the 
user should suspend programming and 
determine whether there is any trouble with 
the PROM writer or the socket adapter. If 
programming verification indicates errors in 
programming or after high-temperature 
exposure, please inform Hitachi of the trou- 
ble. 
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RAM Addressing Mode 


As shown in figure 42, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $040 to $04F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four kinds of ROM addressing 
modes, as shown in figure 43. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with the 
14-bit immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


When BR is on a page boundary (256n + 255) 
(figure 44), executing a BR instruction trans- 
fers the PC contents to the next page accord- 
ing to the hardware architecture. Conse- 
quently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 
pages. 


zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bit immediate data 
are placed in the low-order six bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PCi3 to 
PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data’ addressing can be referred to by a P 
instruction (figure 45). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 
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Register W Register X Register Y 


fer Ne 


Register Indirect Addressing 






RAM Address 


Instruction 1st Word Instruction 2nd Word 


Ieee a ee ee ee i ee ak Se ee a 


Direct Addressing 












RAM Address 


Instruction 


RAM Address 


Memory Register Addressing 


Figure 42. RAM Addressing Mode 
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(JMPL) 
(BRL) 


(CALL) 
Instruction 1st Word Instruction 2nd Word 


| Opcode | bs P2 pi Ppo{ds ds dz de ds da d3 d2 di d 


Program Counter|PCi3 PC12 PC11 PCio0 PCs PCs PC7 PCe PCs PCa PC3 PC2 PCi PCo 















Direct Addressing 


Instruction 


b7 be bs ba b3 b2 bi Ob 


Program Counter |PCi3 PC12 PC11; PCi0 PCy PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 








Current Page Addressing 


Instruction 





Program Counter |PC13PC12PCi1 PC10 PCa PCs PC7 PCe6 PCs PCa PC3 PC2 PCi PCo 


Zero Page Addressing 


Instruction 





Program Counter |PCi3PC12 PC11PCi0 PCa PCa PC7 PCe PCs PC4 PCs PC2 PC: PCo 


Table Data Addressing 
Figure 43. ROM Addressing Mode 
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256(n—1)+255 
BR AAA 256n 


AAA NOP 


256n+254 
256n+255 
256(n+ 1) 


BBB NOP 





Figure 44. The Branch Destination by BR Instruction on the Boundary between Pages 


Instruction 


Register B Accumulator 


A3s A2 Art 


Referred ROM Address |RAi3 RAi2 RA1:RAi0RAs RAs RAz RAs RAs RAs RA3 RAz2 RA: RAo 


Address Designation 


ROM Data ROs ROs RO7 ROs ROs ROs RO3zs RO2 RO: ROo 


Accumulator, B Register If ROs=1 


ROM Data ROs ROs RO7 ROs ROs RO« RO3z RO2 RO: ROo 


Output Register R1, R2 [R23 R22 R21 R20|/R13 R12 R11 Rio If ROo=1 


Pattern 
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Instruction Set 


The MCU provides 101 instructions which are 


6. Compare instruction 
7. RAM bit manipulation instruction 
8. ROM address instruction 


classified into 10 groups as follows; 


10. 


9. Input/output instruction 





1. Immediate instruction Control instruction 

2. Register-to-register instruction 

3. RAM address instruction Tables 31-40 list their functions, and table 41 

4. RAM register instruction is an opcode map. 

5. Arithmetic instruction 
Table 31. Immediate Instructions 

Words/ 
Operation ‘Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI i 10001 1 ig iz iy ip I-A 1/1 
Load B from Immediate LBI i 1000 0 O ig ig iy lop i> B 1/1 
Load Memory from LMID i,d 01101 O ig i2 i1 ig t7>M 2/2 
Immediate dg dg d7 dg ds dq d3 do d; do 
Load Memory from LMIIY i 1010 01 ig iz iy ig i-M, Y+1>Y NZ 1/1 
Immediate, Increment Y 
Table 32. Register-to-Register Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 BA 1/1 
Load B from A LBA 0011001000 A-B 1/1 
Load A from W LAW 1000000000 WA 2/2 
0000000000 (Note) 

Load A from Y LAY 0010103131111 YroA 1/1 
Load A from SPX LASPX 00013101000 SPX~-A 1/1 
Load A from SPY LASPY 0001011000 %SPY~A 1/1 
Load A from MR LAMR m 1001 1 1 mmmm MRim)-A 1/1 
Exchange MR and A XMRA m 101 11 1mMmmm MRim-A 1/1 


Note: An operand is provided for the second word of LAW and LWA instruction by assembler automat- 
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Table 33. RAM Address Instructions 









































Words/ 




































































Operation Mnemonic Operation Code Function Status Cycles 
Load W from Immediate LWI i 00111100 % igo i-+>W 1/1 
Load X from Immediate LX] i 4 96-0 1 0 ig i2 i4 io i 7X 1/1 
Load Y from Immediate LYI i 10000 1 ig ig iy Ilo I> Y 4/1 
head WW tronnA Lwa 0100010000 A:+W 2/2 
0000000000 (Note) 
Load X from A LXA 001 1 10 1000 A-+xX 1/1 
kead¥ trom YA 0 O 14 011000 A - Y a 7 1/1 7 
Increment Y lY 000 1 01 1100 Y+1-Y NZ 1/1 
Decrement Y DY OOF Sh OT a a DT Ne reel NB Wt 
Add A to Y AYY 0001010100 YtA--¥Y OVF 1/1 
Subtract A from Y SYY 0 0110103100 Y-A = NB 1/1 
Exchange X and SPX XSPX 7 0000000001 X+ SPX 1/1 
Exchange Y and SPY XSPY 0000000010 Y-spY 1/1 
Exchange X and SPX,Y XSPXY 0000 00001 1 X-SPX, Y~SPY 1/1 


and SPY 


Note: An operand is provided for the second word of LAW 


automatically. 
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Table 34. RAM Register Instructions 


Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Memory LAM(XY) 00100100 y x M-A, (X+SPX, Y-SPY) 1/1 
Load A from Memory LAMD d 0110010000 M~A 2/2 
dg dg d7 dg ds dg d3 do di do 
Load B from Memory LBM(XY) 00010000 y x M-B, (X-SPX, Y-SPY) a 
Load Memory from A LMA(XY) 00100101 =y x AM, (X-SPX, Y-SPY) 1/1 
Load Memory from A LMAD d 011003103100 A~M . 2/2 
dg dg d7 deg ds dq d3 d2 d; do 
Load Memory from A, LMAIY(X) 000101000 x A-~M, Y+1-Y (X-SPX) NZ 1/1 
Increment Y 
Load Memory from A, LMADY(X) 0011031000 x A-M, Y-1-Y (X-SPX) NB 1/1 
Decrement Y 
Exchange Memory and A XMA(XY) 00100000 y x MA, (X-SPX, Y-SPY) 1/1 
Exchange Memory and A XMAD d 0110000000 MnA 2/2 
dg dg d7 dg ds dq d3 d2 d1 do 
Exchange Memory and B XMB(XY) 00110000 y x MB, (X-SPX, Y-SPY) 1/1 


Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 
LAM (XY) is given below). 
The op-code X or Y is assembled as follows. 


Mnemonic y x Function 

LAM Oo 8600 

LAMX 0 1 X ++ SPX 

LAMY 1 O Y=. SPY 
LAMXY 1 1 X-SPX, Y~SPY 


(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 
The op-code X is assembled as follows. 


Mnemonic x Function 
LMAIY 0 
LMAIYX 1 X — SPX 
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Table 35. Arithmetic Instructions 


Operation 

Add Immediate to A 
Increment B 

Decrement B 

Decimal Adjust for Addition 
Decimal Adjust for Subtraction 
Negate A 

Complement B 

Rotate Right A with Carry 
Rotate Left A with Carry 
Set Carry 


Reset Carry 


Mnemonic 


Ali 


NEGA 
COMB 
ROTR 
ROTL 
SEC 


REC 





Test Carry 
Add A to Memory 


Add A to Memory 


Add A to Memory with Carry 


Add A to Memory with Carry 


Subtract A from Memory 
with Carry 


Subtract A from Memory 
with Carry 


OR A and B 





AND Memory with A 


AND Memory with A 


OR Memory with A 


OR Memory with A 


EOR Memory with A 


EOR Memory with A 


Note: ff: Logical AND 
U : Logical OR 


@ : Exclusive OR 


AM 


AMD d 


AMC 


AMCD d 


SMC 


SMCD d 


OR 
ANM 


ANMD d 


ORM 


ORMD d 


EORM 


EORMD d 


1 


oO;o;o;}o;}o;};}jo;}ro;y;oy;o;o;};o;o;] eo 


a 
ie) 
a. 
foe] 
Qa 
~S 
Q 
om 
Q 
a 


0 


0 1 


0 1 


0 


1 


0 


Operation Code 


0 0 ig i2 iy 


0 
6) 


O 


—_ 


1 


Co1io!lolol!lo!o}-o}cso}lolto!]oajo 


[om 

4B 

(© Sere ane 

wo 

folo 
o| oO 


oO 
(o) 


11 0 


1 1 =«1 


0 


1 


Q 


0 


0 


0 


0 


dg dg d7 dg ds da d3 do dj do 


0 
0 


0 0 
1 0 


6) 
0 


0 
0 


O01 1 
O71 1 


0 


0 


0 
0 


dg dg d7 dg ds da d3 d2 d; do 


0 
0 


00 
1 0 


) 


) 


0 
0 


ee 


11°71 


0 
0 


O 
0 


dg dg d7z deg ds d4 d3 do di do 
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Function 
Ati-A 
B+1-B 


B-1-—B8B 


M+tA-A 


M+A ~<A 


M+A+CA +A 
OVF-CA 


M+A+CA-A 
OVF-CA 


M—A-CA—A 
NB—CA 


M-A-—CA—A 
NB—CA 


AUB--A 
ANM-A 


ANM-A 


AUM-A 


AUM-A 


A®M-A 


A®M-A 


Status 


OVF 


NZ 


NB 


NZ 


NZ 


NZ 


NZ 


NZ 


NZ 


Words/ 
Cycles 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
2/2 


1/1 


2/2 


1/1 


2/2 


1/1 
1/1 


2/2 


1/1 
2/2 


1/1 


2/2 
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Table 36. Compare Instructions 


Operation 


Immediate Not Equal 
to Memory 


Immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory 


B Not Equal to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


Immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate 


Ninemonic 


INEM i 


INEMD i,d 


ANEM 


AMEMD d 


BNEM 
YNEI 1 


ILEM i 


ILEMD i,d 


ALEM 


ALEMD d 


BLEM 


ALE i 


Operation Code 


000 0 1 O ig ig iq i 


0100 1 O ig ig iq i 


dg dg d7 dg ds dag d3 do dy 
00000001 0 


010000010 
dg dg d7 dg ds dq d3 do dj 


000100010 
0001 1 1 ig ig i; 


0:66:04 1 i, 


0100 1 1 ig i2 iy 
dg dg d7 dg ds dq d3 do dy 


00000101 0 


010001010 
dg dg d7 dg ds dq d3 do dy 


00110001 0 


101011 ig io iy i 


Table 37. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 


Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 





Mnemonic 
SEM n 


SEMD n,d 


REM n 


REMD n,d 


TM n 


TMD n,d 


Operation Code 


0010000 1m % 


01100001 =n 
dg dg d7 dg ds dq4 d3 do d} 


0010001 0n 


0110001 0n 
dg dg d7 dg ds da d3 do dy 


0010001 1n 


01100011+n 
dg dg d7 dg ds da d3 do dy 


© HITACHI 


No 
do 


Function 


iz M 


i+ M 


A#M 


A+#+M 


> 
lA 


Function 
1 — M(n) 


1 — M(n) 


0 -M(n) 


0 — M(n) 


Status 


NZ 


NZ 


NZ 


NZ 


NZ 


NZ 


NB 


NB 


NB 


NB 


NB 


NB 


Status 
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Words/ 
Cycles 


1/1 


2/2 


1/1 
2/2 


1/1 
1/1 


1/1 


2/2 


1/1 


2/2 


1/1 
1/1 


Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


1/1 


2/2 
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Table 38. ROM Address Instructions 








Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 be bs by b3 b2 bi bo 1 1/1 
Long Branch on Status 1 BRL u O10 1 1 1 p3p2 pi po 1 2/2 

dg dg d7 dg ds da d3 d2 di do 
Long Jump Unconditionally JMPLu 010 1 0 1 p3p2 pi po 2/2 
dg dg d7 dg ds da d3 do di do 
Subroutine Jump on Status 1 CALa O 1 1 1 as aq a3 a2 a1 AO 1 1/2 
Long Subroutine Jump on CALL u O10 1 1 O p3Pp2 pi po 1 2/2 
Status 1 dg dg d7 dg ds d4 d3 do d} do 
Table Branch TBR p 0010 1 1 p3Pp2Ppi1 Po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 000001000 1 1 —I/E ST 1/3 
CA Restore 

Table 39. Input/Output Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete I/O Latch SED 001311001 0 0 1 — D(Y) 1/1 
Set Discrete I1/O Latch Direct SEDD m 10111 0mmm™ mm 1 — D(m) 1/1 
Reset Discrete I/O Latch RED 00011001 0 0 0 — D(Y) 1/1 
Reset Discrete 1/O Latch Direct REDD m 10011 0mmm mm O — D(m) 1/1 
Test Discrete |/O Latch TD 0011100000 D(Y) 1/1 
Test Discrete |/O Latch Direct TDD m 10101 0m mm mM D(m) 1/1 
Load A from R Port Register LAR m 10010 1mgmm Mm R(m) ~ A 1/1 
Load B from R Port Register LBRm 10010 0m mm ™m R(m) — B 1/1 
Load R Port Register from A LRAm 101 10 1 mmm no A — R(m) 1/1 
Load R Port Register from B LRBm 10110 0mm m mm B — R(m) 1/1 
Pattern Generation Pp 0110 1 1 pg po pi po 1/2 
Table 40. Control Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 1/1 
Start Serial STS 0101003131000 1/1 
Standby Mode/Watch Mode* SBY 0101001100 1/1 
Stop Mode/Watch Mode STOP 010100110 1 1/1 


* : Only when shifted from sub-active mode. 
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| Table 41. Opcode Map 
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Absolute Maximum Ratings 


HD404808, HD4074808 Absolute Maximum Ratings 


item Symbol Value Unit Note 

Supply Voltage Vec —-0.3 to + 7.0 V 

Programming Voltage Vpp -0.3 to + 14.0 V 2 

Terminal Voltage Vr —0.3 to Vec + 0.3 V 

Total Allowance of Input Current = lo 100 mA 3 

Total Allowance of Output Current — = lo 50 mA 4 

Maximum Input Current lo 4 mA 5, 6 
30 mA 5, 7 

Maximum Output Current — lo 4 mA 8,9 

Operating Temperature Topr —20 to + 75 Le 

Storage Temperature Tstg -55 to + 125 °C 

Storage Temperature (bias) gigs —25 to + 80 °C 

Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 


OONOo — Wh 


should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 


. Dio (Vpp) of the HD4074808. 
. Total allowance of input current is the total sum of input current which flows in from all 1/O 


pins to GND simultaneously. 


. Total allowance of output current is the sum of the output current which flows out from 


Vec to all I/O pins simultaneously. 


. Maximum input current is the maximum amount of input current from each I/O pin to GND. 


RO-R3 
Do-Dog 


. Maximum output current is the maximum amount of output current from Vcc to each 1/0 pin. 
. Do—Dg, RO-RS. 
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HD40L4808, HD407L4808 Absolute Maximum Ratings 





Item Symboi Value Unit Note 

Supply Voltage Vcc -—0.3 to + 7.0 V 

Programming Voltage Vpp —-0.3 to + 14.0 V 2 

Terminal Voltage NE —0.3 to Vcc +03 V 

Total Allowance of Input Current Sloti‘ 00 —_ mA 3 

Total Allowance of Output Gunaiit -— Zlo 50 mA 4 

Maximum Input Current lo 4 mA 5,6 
30 i mA 5,7 a 

Maximum Output Current 7 — lo 4 —_ mA 8,9 

Operating Temperature Toor —~20 to + 75 7 °C 

Storage Tetiberatins Tstg —55 to + 125 "G oe 

Storage Temperature (bias) Tiae —25 to + 80 G 


Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 

. Dio (Ver) of the HD407L4808. 

. Total allowance of input current is the total surm of input current which flows in from all !/O 
pins to GND simultaneously. 

. Total allowance of output current is the sum of the output current which flows out from 
Vcc to all 1/O pins simultaneously. 

. Maximum input current is the maximum amount of input current from each I/O pin to GND. 

. RO-R3 

. Do-Dg 

. Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 

. Do—Dsg, RO—R3. 


OoOmonoo > WN 
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Electrical Characteristics 
HD404808, HD4074808 Electrical Characteristics 
DC Characteristics 


(HD404808: Vcc = 4 to 6V, HD4074808: Vcc = 4 to 5.5V, GND = 0 V, Ta = —20°C to + 
75°C, unless otherwise noted.) 





Item Symbol Pin Min Typ Max Unit Test Condition Note 
Input High Vit RESET, SCK, 0.8 Voc Ver + 0.3 V 
Voltage INTo, SI, 
INT 
OSC, Vec — 0.5 Ver + 0.3 V 
Input Low Vij RESET, SCK, —- 0.3 0.2 Vcc V 
Voltage INTo, SI, 
INT; 
OSC, - 0.3 0.5 V 
Output High Vou SCK, TIMO  Vec-1.0 V —loH=1.0mA 
Voltage SO 
Output Low VoL SCK, TIMO 0.4 V loL=1.6mA 
Voitage SO 
Input/Output Ih | RESET, SCK, 1 HA Vin = OV to Vec 1 
Leakage INTo, INTy, 
Current SI, SO, TIMO, 
OSC; 
Stop Mode Vstop Vec 2 . V Without 32 kHz 5 
Hold Voltage oscillator 
Current lec1 Vec 3.5 7 mA Vec = 5 V, 2,4 
Dissipation in fose = 4MHz 
Active Mode loca Vcc 6 12 mA Vec = 5V, 4,6 


fose = 4MHz,analog 
input mode (D12/D43) 





Current Dissipationin ighy Veo 1 2 MA VYco=5V  3,4.— 
Standby Mode fosc = 4 MHz 

Current Dissipation in [cup Vec 150 300 vA Vec = 5V 

Sub-Active Mode 75 150 LCD: ON 7 
Current Dissipation in {wie Vec 10 20 BA Vec = 5 V 

Watch Mode (1) LCD: OFF 

Current Dissipation in |yico Vec 25 50 uA Veco = 5V 

Watch Mode (2) LCD: ON 

Current Dissipation in Istop Vec 1 10 uA Veco = 5V 

Stop mode Without 32 kHz osc 


Notes: 1. Excluding output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state 
- RESET, TEST: Vcc 
* Do-D13, RO—RS3: Vcc 
3. The timer operates and input/output current does not flow. 
* MCU in standby mode 
- Input/output in reset state 
- Serial interface: Stop 
* RESET: GND 
* TEST: Vcc 
* Do-Di3, RO—R3: Vcc . 
. When fosc = X MHz, estimate the current dissipation as follows: 
Max value fosc = X [MHz] =X/4 max value (fose =4 [MHz]) 
. RAM data retention. 
. D12/D13 is in the analog input mode. Input/output current does not flow. VCrer, Diz, Dis: . 
GND 
. Applies to the HD404808. 





“ OQ 7 
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Input/Output Characteristics for Standard Pin 
(HD404808: Vcc = 4 to 6V, HD4074808: Vcc = 4 to 5.5V, GND = 0 V, Ta = — 20°C to + 
75 °C, unless otherwise noted.) 


item 
Input High Voltage 


Input Low Voltage 


Output High Voltage 
Pull-up MOS Cunrrent 


Output Low Voltage 


Input/Output 
Leakage Current 


Input High Voltage 


Input Low Voltage 


Analog Input 
Reference Voltage 


Note: 


Symbol Pin 


Vin 


Vit 


VIHA 


VCret 


Do—Di3 
RO-—R3 
Do—D1i3 
RO-R3 


RO-R3 
RO-R3 


RO-R3 


D11—-D13, 


RO-R3 
D0 


Di2, Di3 
(Analog 
Compare 
mode) 
Di2, Dig 
(Analog 
Compare 
mode) 


VCret 


Output buffer current is excluded. 


min typ max 
0.7 Vec Vec+0.3 
-0.3 0.3 Vcc 
Vec—1.0 
30 100 180 

0.4 

1 

20 
VCrep + O.1 

VCrefp—O.1 
O Vec—-1.2 


Input/Output Characteristics for High Voltage Pin 
(HD404808: Vcc = 4 to 6V, HD4074808: Vcc = 4 to 5.5V, GND = OV, Ta = — 20°C to + 
75 °C, unless otherwise noted.) 


item 

Input High Voltage 
Input Low Voltage 
Output High Voltage 


Pull-up MOS Current 


Output Low Voltage 


Input/Output Leakage 
Current 


Note: 


1046 


Symbol Pin 

Vin Do—Dg 
Vit Do—Dg 
VoH Do—Dg 
~—Ip Do—Dg 
VoL Do-Dg 
Nil Do-Dg 


Output buffer current is excluded. 


min typ max 
0.7 Vcc Vec+0.3 
-0.3 0.3 Vcc 
Vec—-1.0 
30 100 180 
2.0 
0.4 
1 
@ HITACHI 


Unit Note 
V 


Test Conditions 


V 


—lon = 1.0mMA V 
Vec = 5V Vin = OV “A 
lo. = 1.6 mA V 


Vin = OV to Vec uA 1 


Unit Note 
V 


Test Conditions 


V 
—loo = 1.0mA V 
Vec = 5V, Vin = OV “A 


lo. = 15 mA V 
Vcc = 4.5 to 6V 


lo. = 1.6 mA V 


Vin = OV — Vcc uA 1 
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Liquid Crystal Circuit Characteristics 
(HD404808: Vcc = 4 to 6V, HD4074808: Vcc = 4 to 5.5V, GND = 0 V, Ta = —20°C to + 
75°C, unless otherwise noted.) 


item 

Segment Driver 
Voltage Drop 
Common Driver 
Voltage Drop 
LCD Power 
Supply Dividing 
Resistance 

LCD 

Voltage 


Note 1: 


Symbol 
Vas 


Vac 


Rwell 


Vicb 


Pin Min Typ 
SEG1 to 
SEG32 
COM1 to 
COM4 

100 300 
V1 4 


Max Unit Test Condition Note 
0.6 V l4= 3yuA 1 
900 kQ 

Vec V 2 


Voltage drops from pins V;, V2, V3, and GND to each segment and common pin. 


2. Keep the relation Vcc >V1>V2>V3>GND when Vico is supplied by external power supply. 
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AC Characteristics 
(HD404808: Vcc = 4 to 6V, HD4074808: Vcc = 4 to 5.5V, GND = 0 V, Ta = — 20°C to + 
75°C, unless otherwise noted.) 


Test 
Item | Symbol Pin Min Typ Max Unit Conditions Note 
Oscillation Frequency fosc OSC, OSC2 1.6 4.0 4.2 MHz 
X1, X2 32.768 kHz 
Oscillation Frequency fog, OSC, OSC2 0.25 40 4.2 MHz 
(without 32 kHz) 
Instruction Cycle teye 0.95 1 2.5 us 
Time 
0.95 1 16 without 32 kHz 
Oscillator Stabiliza- tac OSC;, OSC2 40 ms Crystal 1 
tion Time 
20 ms Ceramic Filter 1 
fosc=4 MHz 
X1, X2 3 Ss T,z=—10 to 60°C 2 
External tcp OSC, 1.6 4.2 MHz 3 
Clock 
Frequency 0.25 4.2 MHz without 32 kHz 3 
External Clock High tcpy OSC, 110 ns 3 
External Clock Low tcp, OSC, ~ 110 . ns 3 
External Clock Rise tcp, OSC, 20 ns 3 
Time 
External Clock Fall — tops OSC, 20 ns 3 
Time 
INTo High Level tion INTo 2 teyc/ 4,6 
Width tsuBcyc 
INTo Low. Level to INTo 2 teyc/ 4,6 
Width tsuBcyc 
INT, High Level tH INT, 2 teyc 4 
Width 
INT, Low Level tii, INT} 2 teyc 4 
Width 
RESET High Level tasty RESET 2 teye 5 
Width 
Input Capacitance —Cip, Dio 90 pF f=1MHz,Vin=OV 8 
All pins 15 pF f=1 MHz,Vin=0 V 
except D10o 
RESET Fall Time trsTf 20 ms 5 
. Analog Comparator tcstg Di2, D13 2 teye 7 
Stabilization Time 
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. Oscillator stabilization time is the time until the oscillator (see Figure 46) stabilizes after Vcc 


reaches 4.OV after power-on, or after RESET goes high. At power-on or STOP mode release, 
RESET must be kept high for at least tac. Since tac depends on the ceramic filter’s circuit 
constant and stray capacitance, please get the manufacturer’s advice when designing the 
RESET circuit. 


. Oscillator stabilization time it the time until the oscillator (see Figure 47) stabilizes after Vcc 


reaches 4.0V after power-on. Time required to stabilize the oscillator (tac) must be obtained. 
Since trac depends on the crystal circuit constant and stray capacitance, please get the 
manufacturer's advice. 


. See figure 48. . 

. See figure 49. The unit tcyc is applied when the MCU is in the standby mode or active mode. 
. See figure 50. 

. See figure 49. The unit tsuBcyc is applied when the MCU is in the watch mode or sub-active 


mode. tsusgcye =244.14 ws (when 32.768 kHz crytal oscillation is used.) 


. Analong comparator stabilization time is the time until the analog comparator stabilizes and 


correct data can be read after entering D12/D13 into analog input mode. 


. The maximum value of the HD404808 is 15pF. 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 1049 


HD404808/HD4074808/HD40L4808/HD407L4808 





Serial Interface Timing Characteristics 


Transfer Clock Output 
(HD404808: Vcc = 4 to 6V, HD4074808: Vcc = 4 to 5.5V, GND = 0 V, Ta = — 20°C to + 
75°C, unless otherwise noted.) 


item 


Transfer Clock 
Cycle Time 


Symbol 


tseyc 


Unit Test Condition 


teyc 


Transfer Clock 
High, Low 
Level Width 
Transfer Clock 
Rise, Fall Time 


Serial Output Data 


Delay Time 
Serial Input Data 
Set-up Time 
Serial Input Data 
Hold Time 


Transfer Clock Input 


item 


Transfer Clock 
Cycle Time 
Transfer Clock 
High, Low 

Level Width a 
Transfer Clock 
Rise, Fall Time 
Serial Output Data 
Delay Time 
Serial Input Data 
Set-up Time 
Serial Input Data 
Hold Time 


Transfer Clock 
Completion Detect 
Time 


Symbol 


tScyc 


tscKH 
tscKL 





tsckr 
tsckt 


toso 


tssi 


tus! 


tscKHD 


Notes: 1. See figure 51. 
2. See figure 52. 

3. Thansfer clock completion detect time is the period of higt level after 8 pulses of transfer 

clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 


before transfer clock completion detect time has passed. 





Pin Min Typ Max 
SCK 1 

SCK 0.5 

SCK 100 
SO 300 
SI 200 OO 
S| 150 

Pin Min Typ Max 
SCK 1 

SCK 0.5 

SCK 100 
SO 300 
Sl 200 

S| 150 a 
SCK 1 
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1.2 


1.2 





Unit Test Condition 


teyc 


tscyc 


Note 
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Crystal oscillator Ceramic filter oscillator 


Cy 


Filter 


Crystal : Ceramic filter : CSA4.00MG (Murata) 
Rp: IMQ + 20% -1IMQ + 20% 


C,: 10pF + 20% : 30pF + 20% 
C2: 10pF + 20% > 30pF + 20% 


L Cs Re 
Co 


Co=7pF max 
Rs= 1002 max 
f =1.0~4.2 MHz 


Figure 46. Oscillator Circuit 


xX1 
C, 
Crystal [__] 
C2 
GND X2 


Crystal : 32.768 kHz: MX38T (Nippon Denpa Kogyo) Co=1.5pF typ 
C,: 6pF + 20% R5=14k@ typ 
C,: 20pF + 20% f =32.768 kHz 








Figure 47. Oscillator Circuit 
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Figure 48. Oscillator Timing 


0.8Vcc 
0.2Vcc 


INTo, INT: 


tion, tH tot, tiie 





Figure 49. Interrupt Timing 





Figure 50. Reset Timing 
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After 8 pulses 
are inputted. 


SCK Vcc -—2.0V (0.8V cc) * A 
0.8V (0.2V¢c) * 
tsckHD 


* Vec—2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8Vcc and 0.2Vcc are the threshold voltage for transfer clock input. 








Figure 51. Timing Diagram of Serial Interface 


Vec 


Ry, = 2.6k2 


182074 @ 


or Equiv. 


Figure 52. Timing Load Circuit 
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Electrical Characteristics 


HD40L4808, HD407L4808 Electrical Characteristics 


DC Characteristics 
(HD40L4808: Vcc = 2.7 to 6V, HD407L4808: Vcc = 3 to 5.5V, GND = 0 V, Ta = —20°C to 
+ 75°C, unless otherwise noted.) 





Item Symbol Pin Min Typ Max Unit Test Condition Note 
Input High Vin RESET, SCK, 0.9 Vcc Vec + 0.3 V 
Voltage INTo, SI, 
INT 
OSC, Vcc — 0.3 Vec + 0.3 V 
Input Low Vib RESET, SCK, - 0.3 0.2 Vcc V 
Voltage INTo, SI, 
INT 
OSC, - 0.3 0.3 V 
Output High Vou SCK, TIMO Vec-1.0 V —loy=0.5mA 
Voltage SO 
Output Low VoL SCK, TIMO 0.4 V lo. =0.4mA 
Voltage SO 
Input/Output lt | RESET, SCK, 1 uA Vin = OV to Vec 1 
Leakage INTo, INT}, 
Current SI, SO, TIMO, 
OSC, 
Stop Mode Vstop Vec 2 V Without 32 kHz 5 
Hold Voltage oscillator 
Current Iec1 Vec 400 1000 uA Vec =3V 2, 4 
Dissipation in Icc2 Vcc 1 2. mA Vcc = 3Vanalog 4,6 
Active Mode input mode (D42/D13) 
Current Dissipation in Istpy Vec 200 500 uA Vec = 3V 3,4 
Standby Mode 
Current Dissipation in Ioyp Vec 50 100 uA Vec = 3V 
Sub-Active Mode 35 70 LCD: ON 
Current Dissipation in lweed Vec 5 15 uA Vec = 3 V 
Watch Mode (1) LCD: OFF 
Current Dissipation in |weeo Vec 15 35 uA Vec = 3V 
Watch Mode (2) LCD: ON 
Current Dissipation in stop Vec 1 10 uA Ver = 3V 
Stop mode Without 32 kHz osc 
Notes: 1. Excluding output buffer current. 


2. The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state 
* RESET, TEST: Vcc 
* Do-D13, RO—R3: Vcc 
3. The timer operates and input/output current does not flow. 
- MCU in standby mode 
- Input/output in reset state 
- Serial interface: Stop 
- RESET: GND 
> TEST: Vec 
bg Do-Di3, RO—R3: Vec 
‘ fosc = 400 kHz 
. RAM data retention. 





Oonf 


GND 
7. Applies to the HD404808. 
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. Di2/D13 is in the analog input mode. Input/output current does not flow. VCrer, D12, Di3: 


HD404808/HD4074808/HD40L4808/HD407L4808 


Input/Output Characteristics for Standard Pin 
(HD40L4808: Vcc = 2.7 to 6V, HD407L4808: Vcc = 3 to 5.5V, GND = 0 V, Ta = — 20°C 
to + 75 ‘°C, unless otherwise noted.) 





item Symbol Pin min typ max Test Conditions Unit Note 
input High Voltage Vin Do—Di13 0.7 Vcc Vec+0.3 V 
RO—-R3 
Input Low Voltage Vit Do—Di3 ~0.3 0.3 Vcc V 
RO-—R3 
Output High Voltage Vou RO-—R3 Vec—1.0 —lon = 0.5 mA V 
Pull-up MOS Cunrrent —Ip RO—R3 5 40 90 Vec = 3V Vin = OV LA 
Output Low Voltage VoL RO—R3 0.4 lo. = 0.4 mA V 
Input/Output Hie D11—Di3, 1 Vin = OV to Vcc uA 1 
Leakage Current RO-R3 
Dio 20 
Input High Voltage VIHA Di2, Di3 VCrep + 0.1 V 
(Analog 
Compare 
mode) 
Input Low Voltage VILA Di2, Di3 ; VCrep—O.1 V 
(Analog 
Compare 
mode) 
Analog Input VGCrep VCret 0 Vec—1.2 V 


Reference Voltage 


Note: Output buffer current is excluded. 


Input/Output Characteristics for High Voltage Pin 
(HD40L4808: Vcc = 2.7 to 6V, HD407L4808: Vcc = 3 to 5.5V, GND = 0 V, T, = — 20°C 
to + 75 °C, unless otherwise noted.) 


item Symbol Pin min typ max Test Conditions Unit Note 
Input High Voltage Vin Do-—Dg 0.7 Vcc Vec+0.3 V 
Input Low Voltage Vit Do—Dg -0.3 0.3 Vcc V 
Output High Voltage Vou Do—Dg Vec-1.0 —lon = 0.5 mA V 
Pull-up MOS Current —Ip Do—Dg 5 40 90 Vec = 3V, Vin = OV uA 
Output Low Voltage VoL Do—Dg 2.0 lo. = 15 mA | V 
Vec = 4.5 to 6V 

0.4 lo. = 0.4 mA V 

Input/Output Leakage {Ii| Do—Dg 1 Vin = OV - Vec BA 1 


Current 


Note: Output buffer current is excluded. 
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Liquid Crystal Circuit Characteristics 
(HD40L4808: Vcc = 2.7 to 6V, HD407L4808: Vcc = 3 to 5.5V, GND = 0 V, T. = —20°C to 


+ 75°C, unless otherwise noted.) 


item 

Segment Driver 
Voltage Drop 
Common Driver 
Voltage Drop 
LCD Power 
Supply Dividing 
Resistance 

LCD 

Voltage 


Symbol 
Vas 


Vde 


Rwell 


Vicb 


Pin 
SEG1 to 
SEG32 


COM? to 
COM4 


V1 


Min Typ 


100 300 


Max 
0.6 


0.3 


900 


Vec 


Unit 
V 


V 


koQ 


V 


Test Condition Note 

Iy=3yuA 1 

lg= 3 yA 1 
2,3 


Note 1: Voltage drops from pins V;, V2, V3, and GND to each segment and common pin. 
2. Keep the relation Vcc >V1>V2>V3>GND when Vico is supplied by external power supply. 


3. Vicp min= 2.7V (HD40L4808) 
Vico min = 3 V (HD407L4808) 
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AC Characteristics 
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(HD40L4808: Vcc = 2.7 to 6V, HD407L4808: Vcc = 3 to 5.5V, GND = 0 V, Ta = — 20°C to 


+ 75°C, unless otherwise noted.) 


item Symbol 


Oscillation Frequency fosc 


Instruction Cycle 
Time 

Oscillator Stabiliza- tac 
tion Time 


teyc 


External clock fop 
Frequenc 


External Clock High  tcpy 
External Clock Low tcp, 


External Clock Rise tcp, 
Time 


External Clock Fall — tcp 
Time 


INTo High Level tion 
Width 
INTo Low Level tior 
Width 
INT; High Level! ti 
Width 
INT; Low Level tit 
Width 


RESET High Level testy 
Width 


Input Capacitance (C,, 


RESET Fall Time trstt 


Analog Comparator tcstp 
Stabilization Time 


Note 


1 


1 


2 


Test 

Pin Min Typ Max Unit Conditions 
OSC;, OSC2 0.25 0.8 0.9 MHz 
X1, X2 32.768 kHz 

4.45 5 16 “uS 

30 ms fosc = 800kHz 
X1, X2 3 s Ta=—10 to 60°C 
OSC, 0.25 0.9 MHz 
SAUAL=L” 1212109 | Qaeda en CN OE ee Rie ela oS eT RES SC ee Pe EE Ae TSE S0.T et PE ee OER Ene nC Ee: 
OSC, 525 ns 
OSC, 525 ns 
OSC, 30 ns 
OSC; 30 ns 
INTo 2 teyc/ 
tsuBcyc 
INT 2 teyc/ 
tsuBcyc 
INT, 2 teye 
INT} 2 teyc 
RESET 2 teye 
Dio 90 pF f=1 MHz,Vj,=0 V 
All pins 15 pF f=1 MHz,Vin=O V 
except Dio 
20 ms 

Di2, 013 2 teye 
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Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.7 V 
(HD407L4808: Vcc is 3.0 V) after power-on, or after RESET goes high. At power-on or 
STOP mode release, RESET must be kept high for at least tac. Since tac depends on the 
ceramic filter’s circuit constant and stray capacitance, please get the manufacturer's advice 
when designing the RESET circuit. 


. Oscillation stabilization time it the time until the oscillator stabilizes after Vcc reaches 2.7 V 


(HD407L4808: Vcc is 3.0 V) after power-on. Time required to stabilize the oscillator (trc) 
must be obtained. Since tac depends on the crystal circuit constant and stray capacitance, 
please get the manufacturer's advice. 


. See figure 53. 

. See figure 54. The unit teyc is applied when the MCU is in the standby mode or active mode. 
. See figure 55. 

. See figure 54. The unit tsuBcyc is applied when the MCU is in the watch mode or sub-active 


mode. tsugcye = 244.14 vs (when 32.768 kHz crystal oscillation is used.) 


. Analong comparator stabilization time is the time until the analog comparator stabilizes and 


correct data can be read after entering D12/Di3 into analog input mode. 


. The maximum value of the HD40L4808 is 15pF. 
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Serial Interface Timing Characteristics 


Transfer Clock Output 
(HD40L4808: Vcc = 2.7 to 6V, HD407L4808: Vcc = 3 to 5.5V, GND = 0 V, Ta = — 20°C 
to + 75°C, unless otherwise noted.) 


item Symbol Pin Min Typ Max Unit Test Condition Note 
Transfer Clock tscyc SCK 1 teye 132 
Cycle Time 

Transfer Clock tscKH SCK 0.5 tscyc 1.2 
High, Low tscKL 

Level Width 

Transfer Clock tsckr SCK 200 ns 1.2 
Rise, Fall Time tsck¢ 

Serial Output Data toso SO 500 ns 1.2 
Delay Time 

Serial Input Data tssi Sl 300 ns 1 
Set-up Time 

Serial Input Data tHsI S| 300 ns 1 
Hold Time 


Transfer Clock Input 


item Symbol Pin Min Typ Max Unit Test Condition Note 
Transfer Clock tscyc SCK 1 teyc 1 
Cycle Time 

Transfer Clock tscKH SCK 0.5 tscye 1 
High, Low tscKL 

Level Width 

Transfer Clock tsckr SCK 200 ns 1 
Rise, Fall Time tsckt 

Serial Output Data toso SO 500 ns 1.2 
Delay Time 

Serial Input Data tssi Sl 300 ns 1 
Set-up Time 

Serial Input Data tus! Sl 300 ns 1 
Hold Time 


Transfer Clock tsckHD SCK 1 teye ghee ares 
Completion Detect 
Time 
Notes: 1. See figure 56. 
2. See figure 57. 
3. Thansfer clock completion detect time is the period of high level after 8 pulses of transfer 


clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed. 
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Figure 53. Oscillator Timing 


eee HS 0.9Vcc: 
INTo, INT: tion, thy tot, thie 
0.1Vcc 





Figure 54. Interrupt Timing 





Figure 55. Reset Timing 
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After 8 pulses 
are inputted. 


ScK Vec-0.5V(0.9Vce)* 
0.4V (0. 1Vec)* 


tsckHD 


*Vcc—0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.9Vcc and 0.1Vcc are the threshold voltage for transfer clock input. 





Figure 56. Timing Diagram of Serial Interface 


Vec 


Ri = 2.6kQ 


182074 @ 


or Equiv. 





Figure 57. Timing Load Circuit 
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HD404808 
Option List . 





Date of Order 
Customer 


Dept. 


ROM Code Name 
LS! Type Number 


Hitachi's Entry HD404808 


NOTE: Please enter check marks in 1] (iM, X, V). 





(1) Functional Option 


C1) With 32 kHz CPU Operation and with a Watch Time Base 
O Without 32 kHz CPU Operation and with a Watch Time Base 
O Without 32 kHz CPU Operation and without a Watch Time Base 


(2) Package 










(3) ROM Code Media 


ROM Code Media 
M@ EPROM On-Package Microcomputer Type 


(4) Oscillator 


HD404808 


Main C1 Crystal Oscillator (f= MHz) 
C1] Ceramic Filter Oscillator (f= MHz) 
[1 External Clock (f= MHz) 


Sub () 32.768 kHz Crystal Oscillator 
[1 Not Used 







@ HITACHI 
1062 Hitachi America Ltd. © Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HD404808/HD4074808/HD40L4808/HD407L4808 


HD40L4808 
Option List 










Date of Order 
Customer 


Dept. 


ROM Code Name 
LSI Type Number 





HD40L4808 


NOTE: Please enter check marks in OD (Mi, x, V). 


Hitachi's Entry 


(1) Functional Option 


1 With 32 kHz CPU Operation and with a Watch Time Base | 
[11 Without 32 kHz CPU Operation and with a Watch Time Base 
O Without 32 kHz CPU Operation and without a Watch Time Base | 


(2) Package 


[) FP-80A 
| () FP-808 


(3) ROM Code Media 


ROM Code Media 
@ EPROM On-Package Microcomputer Type 

























(4) Oscillator 
HD40L4808 
Main (1) Ceramic Filter Oscillator (f= kHz) 






[ External Clock (f= kHz) 


Sub O 32.768 kHz Crystal Oscillator 
O Not Used 
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Description 

The HD404918 CMOS 4-bit single-chip 
microcomputer in the HMCS400 series 
incorporates ROM, RAM, I/O, and timer/ 
counter and contain high-voltage I/O pins 
including high-current output pins. 


Features 

@ 4-bit architecture 

@ 8192 words of 10-bit ROM 

@ 512 digits of 4-bit RAM 

@ 3511/0 pins, including 27 high-voltage I/O 


pins (12 V max) 
Timer/counter 
—11-bit prescaler 
—8-bit auto-reload timer/event counter 
(timer B) 
@ Three interrupt sources 
——External: 2 
—Timer/counter: 1 
@ Subroutine stack 
—Up to 16 levels including interrupts 
@ Minimum instruction execution time: 
1.78 us 
@ Low power dissipation modes 


—Standby: Stops instruction execution 


while allowing clock oscillation and 
interrupt functions to operate 
—Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 
@ On-chip oscillator 
_ —Crystal or ceramic filter 
External Clock input 
@ Standard 42-pin dual in-line plastic 
package 
@ Instruction set compatible with 
HMCS412; 100 instructions 
@ High programming efficiency with 10-bit/ 
word ROM: 78 single-word instructions 
@ Direct branch to all RAM areas 
@ Direct or indirect addressing of all RAM 
areas 
@ Subroutine nesting up to 16 levels includ- 
ing interrupts 
@® Binary and BCD arithmetic operations 
@ Powerful logical arithmetic operations 
@ Pattern generation/table lookup capabil- 
ity 
@® Bit manipulation for both RAM and I/O 


Program Development Support Tools 


Cross assembler and simulator software for 
use with IBM PCs and compatibles 


In circuit emulator for use with IBM PC 

HD40P4919 with the following fixed 

options: 

—I/O pin: NMOS open drain 

—Oscillator: ceramic filter oscillator 
(externally drivable) 

—Timing generator divider: Divide by 8 

—Package: standard 42-pin dual in-line 
ceramic package 


Note: Support tools are under development. 


Pin Arrangement 





R32/INTo CJ '2 
R33/INT: L}2° 
GNDC J?" 


(DP-42) 
(Top View) 
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Block Diagram 


R33/ R32/ 
INT: INTo RESET TEST OSC: OSC2 Vcc GND 


Timer External System Control 
<a> [sytem contol | 
Interrupt 
ROM 
Interrupt Control 
pn 


8,192 x 10 bit 
Instruction 
512 x 4bit Decoder 





Notes: 1. When “without pull-up MOS” is selected by mask option, 
Do-D14, RO, R3, and R4 Can be used as high voltage pins. 
2. When “with pull-up MOS” or “CMOS” is selected by mask option, 
Do-D14, RO, R3, and R4 are the same as standard pins. 
3. R1 and R2 have only “without pull-up MOS” mask option and 
they are high current pins. 
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Pin Description 
GND, Vcc (Power Supply) 


GND and Vcc are the power supply pins for 
the MCU. Connect the GND to the ground (0 
. V) and apply the Vcc power supply voltage to 
the Vcc pin. 


TEST (Test) 
TEST is for test purposes only. Connect it to Vcc. 
RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC:, OSC2 (Oscillator Connections) 


OSC, and OSCz2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 


Do—Dua (D Port) 


The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to Dia are high-voltage pins. The 
circuit type for each pin can be selected using 
a mask option. For details, see Input/Output 
section. 


ROo—RO3, Rlo—Ri13, R20—R23, R30—R3s, 
R40—R4sz3 (R Ports) 


RO to R4 are 4-bit I/O ports. RO is an output 
port, and R1 to R4 are I/O ports. RO, R3,and R4 
are high-voltage ports, and R1 and R2 are 
high current ports. Each pin has a mask 
option which selects its circuit type. The pins 
R32, R33 of port R3 are multiplexed with INTo 
and INT; respectively. For details, see Input/ 
Output section. 


INTo, INT: (Interrupts) 


INTo and INT; are external interrupts for the 
MCU. INT: can be used as an external event 
input pin for timer B. INTo and INT: are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 
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Functional Description 
ROM Memory Map 


The MCU includes 8192 words x 10 bits of 
ROM. ROM is described in the following par- 
agraphs and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After a 
reset or interrupt routine is serviced, the 
program is executed from the vector address. 


Vector Address 


Zero-Page Subroutine 
(64 Words) 


Program 
Pattern 
(4,096 Words) 


Program 
(8,192 Words) 





HD404918 


Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 


Program Area ($0000 to $1FFF): Locations 


from $0000 to $1FFF can be used for program 
code. 


JMPL Instruction 
(Jump to RESET Routine) 


JMPL Instruction 
(Jump to INTo Routine) 


JMPL Instruction 
(Jump to INT: Routine) 


JMPL Instruction 
(Jump to Timer B Routine) 


= © 


2 
3 
4 
5 
6 
7 
8 
9 


Figure 1. ROM Memory Map 
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RAM Memory Map 


The MCU includes 512 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 


Interrupt Control Bit Area (S000 to $003): 
The interrupt control bit area (figure 3) is 


used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 


RAM-Mapped Registers 


Memory Registers (MR) 


(448 Digits) 


Not Used 


Stack 
(64 Digits) 


R: Read Only 
W: Write Only 


R/W: Read/Write (TCB u) 


Timer/Event Counter B Upper 





However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area ($004 to 
$OOB): The special function registers are the 
mode or data registers for the external inter- 
rupt, and the timer/counter. These registers 
are classified into three types: write-only, 
read-only, and read/write as shown in figure 
2. These registers cannot be accessed by 
RAM bit manipulation instructions. 


Interrupt Control Bits 
Port Mode Register (PMR) 


Not Used 


Timer Mode Register B (TMB): W 
= Timer 8 LRL)i R/W |SO0A 
Timer B 
= Timer 8 (TCBU/TLRU)! R/W |$00B 


Not Used 


Timer Load Reg. Lower 
(TLRL) 

Timer Load Reg. Upper 
(TLRU) 


Figure 2. RAM Memory Map 
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Data Area ($020 to S1DF): 16 digits, $020 
through $02F, in the data area are called 
memory registers (MR) and are accessible by 
LAMR and XMRA instructions (figure 4). 


Stack Area (S3CO to S3FF): Locations $3C0 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su- 


IMO IFO 
(IM of INTo) (IF of INTo) 


(Reset SP Bit) 


HD404918 


broutine calls (CAL-instruction, CALL- 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 


RSP I/E 
(Interrupt Enable Flag) 


IM1 IF 1 
(IM of INT}) (IF of INT3) 


IMTB IFTB 
Not Used Not Used 
(IM of Timer B) ~  ({F of Timer B) 


Interrupt Request Flag 
Interrupt Mask 
Interrupt Enable Flag 
Stack Pointer 


Not Used 


Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/ 
REMD instruction, and is tested by the TM/TMD instruction. They are not affected by other instruc- 
tions. Furthermore the interrupt request flag is not affected by the SEM/SEMD instruction. 

The content of status becomes invalid when “Not Used” bits or the RSP bit are tested by a TM or TMD 


instruction. 





Figure 3. Interrupt Control Bit Area Configuration 


Memory Registers Stack Area 


Level 16 |$3CO 


Level 15 
Level 14 


Level 13 
Level 12 
Level 11 


Level 10 


2 
1 


Level 


Level 





PC13 to PCo: Program Counter 
ST: Status 
CA: Carry 


Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 


The MCU has nine registers and two flags for 
CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis- 
ters. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY assist the X 
and Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 


Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 


(¢%) 


et) 


Ww 


; 


os) 
; 


(e) 





test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack and res- 
tored back from the stack by a RTNI instruc- 
tion, but not by a RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trols the sequence in which the instructions 
stored in ROM are executed. 


Stack Pointer (SP): The stack pointer (SP) is 
used to point to the address of the next 
stacking area (up to 16 levels). 


The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in- 
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 


The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 


Accumulator 


io) 


B_ Register 


ob 
= 


W Register 


a 
1o) 


X Register 


Y Register 


SPX Register 


SPY Register 


Carry Flag 
Status Flag 


Program Counter 


Stack Pointer 


Figure 5. Registers and Flags 
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Interrupt 


Three interrupt sources are available on the 
MCU: external requests (INTo, INT), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM), and interrupt vector addresses are pro- 
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control interrupt operations. 


Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 


HD404918 


mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 





Table 1. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET ~ $0000 
INTo 1 $0002 
INT; 2 $0004 
Timer B 3 $0008 


= 
4 
ow 





Table 2. Conditions of Interrupt Service 


Interrupt Control Bit INTo INT; Timer B 
I/E 1 1 1 
IFO-IMO 1 O O 
IF1-IM1 * 1 0 
IFTB-IMTB x + 1 


Notes: Don’t care 


‘Jump to Vector 
Address 


Vector Address 


Priority Control PLA 


Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is O. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
_ service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after the MCU jumps to the 
vector address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
‘reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INT,): _The 
external interrupt request inputs (INTo, INT:) 
can be selected by the port mode register 


(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT: pin and R32/INTo pin to be 
used as INT: pin and INTo pin respectively. 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT: 
inputs. (Refer to table 4.) 


The INT: input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT; input. When 
INT; is useal as timer B external event input, 
egiraee interrupt mask (IM1) has to be set so 
that the interrupt request by INT; wili not be 
nent (Refer to table 5.) 


External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF 1) are set at the 
falling edge of the INTo, and INT: inputs 
respectively. 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/ INTo pin, and R33/ 
INT; pin as shown in table 6. The port mode 
register will be initialized to $0 by MCU reset. 
These pins are therefore initially used as 
ports. 





Table 3. Interrupt Enable Flag 


Interrupt Enable Flag Interrupt Enable/Disable 
0 Disable 
1 Enable 


Table 4. External Interrupt Request 


Flag 


Table 5. External Interrupt Mask 


External Interrupt Masks Interrupt Requests 
0 Enable 


1 Disable (masks) 


Table 6. Port Mode Register 





PMR3 R33/INT, Pin 
Ex Int Req Flags interrupt Requests 
0 Used as R33 port input/output pin 
0 No 4 
1 Used as INT; input pin 
1 Yes 
PMR2 R32/INTo Pin 
0 Used as R32 port input/output pin 
1 Used as INTo input pin 
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Instruction 
Cycles 


Instruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt Stacking, 
accepted Reset of 1/E 


JMPL instruction execution on the 
vector address 


Instruction 
execution at 
starting address 
of the interrupt 
routine 





Figure 7. Interrupt Servicing Sequence 
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Power 


No 


Yes 


(A) 


Reset MCU 






Interrupt 
Request 





Yes 







No 


Yes | 
(C) 





Execute 
instruction 


Interrupt 
Accept 





PC <— (PC)+1 /E<O 
Stack <— (PC) 


Stack <— (CA) 
Stack <— (ST) 


: INTo 
PC <— $0002 es Interrupt 
? 
No 
PC — $0004 


No 
PC — $0008 , (Timer B Interrupt) 











Figure 8. Interrupt Servicing Flowchart 
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Timer 


The MCU contains a prescaler and a timer/ 
counter (timer B, figure 9) whose functions 
are the same as HMCS404C's. The prescaler is 
an 11-bit binary counter, and timer B is an 8- 
bit auto-reload timer/ event counter. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer B. The prescaler divide ratio is 
selected by the timer mode register B (TMB). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT,; as INT; and 
set the external interrupt mask (IM1) to pre- 
vent an external interrupt request from oc- 
curring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 
reload function is selected timer B is initial- 
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 


Timer Mode Register B 


4 bit) 


Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write- 
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 7. The timer mode register B is initial- 
ized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 
TMB are changed. Configuration and function 
of timer mode register B is shown in figure 10. 


Timer B (TCBL: SO0A, TCBU: SOOB, TLRL: 
$00A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched when the high-or- 
der digit is read. 


Internal Bus Line (S1) 


TL (4 bit) 4 
Timer Latch 


INT; 
N 
02) 
System 
Prescaler (11 bit) 


128 
512 
2048 


NY ct 
off] 


. 
TCB (8 bit) TBOF 
Timer B MPX Timer/Event Counter B ie 


Interrupt 
Request Flag 
of Timer B 


TLR (8 bit) 
Timer Load Register 
4 4 


Internal Bus Line (S2) 


Figure 9. Timer Block Diagram 
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Timer B Interrupt Request Flag (IFTB: Timer B Interrupt Mask (IMTB: $002 bit 
$002 bit 0): The timer B interrupt request 1): The timer B interrupt mask prevents an 





flag is set by the overflow output of timer B interrupt request from being generated by 
(table 8). timer B Interrupt request flag (table 9). 
Table 7. Timer Mode Register B Table 8. Timer B Interrupt Request 
Flag 
TMB3 Auto-reload Function 


Timer B Interrupt 
oO No Request Flag Interrupt Request 


1 Yes 0 No 
1 Yes 


Prescaler Divide Ratio, 


TMB2 TMB1 TMBO Clock Input Source Table 9. Timer B Interrupt Mask 


0) O 0 + 2048 
Timer B Interrupt Mask Interrupt Request 
@) 0 1 + 512 : 
0) Enable 
O 1 0 a 128 
1 Disable (Mask) 
0 1 1 a 32 
1 0) 0 + 8 
1 0 1 a 4 
1 1 0 + 2 
1 1 1 INT, (External Event Input) 


PMR: $004 


mi DIX 


R32/ INTo pin mode selection 


R33/INT1 pin mode selection 


TMB: $009 


TMB3 | TMB2 | TMB1 | TMBO 
$y 


Me Timer B input clock selection 


Auto-reload function selection 





Figure 10. Mode Register Configuration and Function 
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Input/Output 


The MCU has 35 I/O pins, 8 standard and 27 
high voltage. One of three circuit types can 
be selected by mask option for each high- 
voltage pin: (A) “without pull-up MOS (NMOS 
open drain)”, (B) “with pull-up MOS”, or (C) 
“CMOS”. High-voltage pins can be used as 
high-voltage I/O pins only when (A) is 
selected, but except R1 and R2. R1 and R2 are 
fixed to (A) mask option. 


When any input/output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 11. 


Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
figure 11 shortens the rise time of the output. 


When the MCU executes an output instruc- 
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 ,a high output 
level is maintained by the pull-up MOS (C). 


When the HLT signal becomes O in stop 
mode, MOS (A) (B) (C) turn off. 


D Port: The D I/O port has 15 discrete I/O 
pins, each of which can be addressed in- 
dependently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc- 
tions. See table 10 for the I/O pin circuit types. 


HD404918 


R Ports: The six R ports are composed of 16 
1/O pins, 4 output-only pins. Data is input 
through LAR and LBR instructions and out- 
put through LRA and LRB instructions. The 
MCU is not be affected when the input-only 
and/or non-existing ports are written into, 
while invalid data will be read from the 
output-only and/or non-existing ports. 


The R32 and R33 pins are multiplexed with 
the INT» and INT; pins respectively. See table 
10 for the selectable circuit types for these 
I/O pins. 


Unused I/O Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 


High-voltage: select “without pull-up MOS” 
(NMOS open drain) via mask option and 
connect to Vcc on the printed circuit board. 


Standard: select “without pull-up MOS” 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 


Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when stop mode, is can 
called the reset must satisfy trc for the oscil- 
lator to stabilize. In all other cases, at least 
two instructions cycles are required for the 
MCU to be reset. 


Table 12 shows the parts initialized by MCU 
reset, and the status of each. 
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Table 10. I/O Pin Circuit Types 


Without Pull-Up MOS With pull-up MOS Applicable 
(NMOS Open Drain) (A) (B) Pins 


Input 
data 
Do-Di4 


HALT 

a R390—R33 
Output | R49—R43 
data | 


High Current Not available Not available Not available ad 
High Voltage Available Not available Not available ae 


Without Pull-Up MOS Applicable 
(NMOS Open Drain) (A) pins 


Input. 
data 
i/o 
Common 
HLT 
Output 
data 


Pins 


High Current} Available 





High Voltage; Not available 









High Current Not available Not available Not available ae 
High Voltage Available Not available Not available ed 


Notes: 1. When “without pull-up MOS” is selected by mask option, Do—Di4, RO, R3, and R4 can be 
used as high voltage pins. 
2. When “with pull-up MOS” or “CMOS” is selected by mask option, Do—D14, RO, R3, and R4 
are the same as standard pins. | 
3. R1 and R2 have only “without pull-up MOS” mask option and they are high current pins. 
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Table 11. Data Input from Input/Output Common Pins 


1/0 Pin Circuit Type Input Possible Input Pin State 
CMOS No = 
Without pull-up MOS 
; Yes 1 
(NMOS open drain) 
With pull-up MOS Yes 1 













| \ Write pulse 
(Output 


instruction) 





PMOS (B) 





Pull-up MOS (C) 






HLT 





NMOS (A) 









1 Instruction cycle 
Output instruction execution 
Write pulse ee ee 


Figure 11. Output Circuit Operation of Pins With Pull-Up MOS Option 
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Table 12. Initial Value After MCU Reset 


items 


Program Counter (PC) 


Status (ST) 


Stack Pointer (SP) 


1/O Pin 
Output Register 


(A) Without Pull-Up MOS 


(B) With Pull-Up MOS 
(C) CMOS 
Interrupt Flag Interrupt Enable Flag (1/E) 
Interrupt Request Flag (IF) 
Interrupt Mask (IM) 


Mode Register Port Mode Register (PMR) 


Timer Mode Register B (TMB) 


Timer/Counter Prescaler 


Timer/Event Counter B (TCB) 


Timer Load Register (TLR) 


Initial Value by 
MCU Reset 


$0000 


$3FF 


0 
0 

1 
0000 
0000 
$000 
$00 
$00 


Note: MCU reset affects the rest of registers an follows: 


After Recovering from Stop 
Mode by MCU Reset 


MCU reset are not retained. 
It is necessary to initialize them by 


item 

Carry (CA) 
Accumulator (A) 

B Register (B) 

W Register (W) 
X/SPX Registers (X/SPX) 
Y/SPY Registers (Y/SPY) 


RAM 


The contents of the items before 


software. 


Contents 


Execute program from the top of ROM 
address 


Enable branch with conditional branch 


instructions 
Stack level is O 


Enable input 


Enable input 


Inhibit all interrupts 


No interrupt request 


Mask interrupt request 
See port mode register 


See timer mode register B 


After MCU Reset 
(Non-Stop-Mode) 

The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 


The contents of RAM _ before 


MCU reset (just before STOP 


instruction) are retained. 





1080 
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Internal Oscillator Circuit 


Figure 12 outlines the internal oscillator cir- the crystal or ceramic filter. In all cases, 
cuit. In addition, see figure 13 for the layout of external clock operation is available. 


Divider Timing 


Oscillator circuit generator System 


1/8 | circuit clock 





Figure 12. Internal Oscillator Circuit 


ee 
O 





Figure 13. Layout of Crystal and Ceramic Filter 
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Table 13. Examples of Oscillator Circuits 


External — 
Clock 
Operation 









Oscillator 









OSC) 






Open—{0SC2 











Ceramic filter 
CSA 4.00MG (Murata) 


Ceramic 
Filter 
Oscillator 












Ceramic 
filter 





Re: 1 MQ + 20% 
C1: 30 pF + 20% 
C2: 30 pF + 20% 





















Crystal 
Oscillator 


Re: 1 MQ + 20% 
C1: 10-22 pF + 20% 
C2: 10-22 pF + 20% 
Crystal: equivalent to circuit shown 






Crystal 








GND 


AT cut parallel 
resonance crystal 


osc L che pose 


Co 


Notes:1. For the crystal and ceramic filter resonator, the upper circuit parameters are recommended by 
the crystal or ceramic filter maker. Crystal, ceramic filter resonator, and the floating 
capacitance change circuit parameters in designing the board. In designig the resonator, 
please consult with the engineers of the crystal or ceramic filter maker to determine the circuit 
parameters. 

2. Wiring between OSC:, OSC2, and elements should be as short as possible, and never cross 
other wires. Refer to the layout of crystal and ceramic filter (figure 13). 













Co: 7 pF max. 
Rs: 100 2 max. 
f:1.0-—4.5 MHz 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
14). Figure 14 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 


HD404918 


tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 





Table 14. Low Power Dissipation Mode 


Condition Standby Mode 
Instruction SBY instruction 
Oscillator circuit Active 
Instruction execution Stopped 
Register, flag Retained 
Interrupt function Active 

RAM Retained 


Input/output pins 


Stop Mode 
STOP instruction 
Stopped 
Stopped 

Reset (note 1) 
Stopped 


Retained 


Retained (note 2) 


Timer/counter Active 


Recovery method 


RESET input, interrupt request 


High impedance 
Stopped 
RESET input 


Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 12 for the contents of flags 


and registers. 


2. As I/O circuits are active, an |/O current may flow in standby mode, depending on the state 
of the I/O pins. This is an additional current added to the standby mode current dissipation. 


Active 


1 


Standby 


- 
Lu 
Y) 
Lu 
ie a 





Figure 14. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 


Figure 15 shows the flowchart of the standby 
mode. | 








Oscillator active 
- Peripheral clocks 
active 

All other clocks 
stop 


Ss 










Restart 
processor clocks 


Reset MCU 





Yes <ro-t> 
Yes 
No 
Yes 
re) 
Yes 


Execute 
instruction 


Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to trc for oscil- 
lation to stabilize. (Refer to AC Characteris- 
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y/SPY registers, and car- 
ry may not retain their contents. 


ON 


Restart 
processor clocks 
Yes 
Interrupt 
accept 


Figure 15. MCU Standby Mode Operation Flowchart 
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RAM Addressing Mode 


As shown in figure 17, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 18. | 


Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 


words in each page. Page zero begins at ad-: 


dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


}_}—erec a 
cco 


=o 
Internal clock 


When BR is on a page boundary (256n + 255) 
(figure 19), executing a BR instruction trans- 
fers the PC contents to the next page 
because of the hardware architecture. Con- 
sequently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 


pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low- order six bits of 
the program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PCi3 to 
PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 20). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 


RESET 
| : tres | 


STOP instruction execution 


(more than stabilization time: tac) 





Figure 16. Timing Chart of Recovering from Stop Mode 
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folate a bball be 






RAM Address 


Register Indirect Addressing 


Instruction 1st Word Instruction 2nd Word 


RAM Address 





Direct Addressing 


Instruction 





RAM Address 


Memory Register Addressing 


Figure 17. RAM Addressing Mode 
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(JMPL) 
(BRL) 


(CALL) 
Instruction 1st Word Instruction 2nd Word 









Program Counter}PCi3 PCi2 PC11 PCi0 PCo PCs PC7 PCe PCs PCs PC3 PC2 PC: PCo 


Direct Addressing 


Instruction 


Program Counter |PC13 PC12 PC11, PCio PCa PCs PC7 PCe PCs PCa PC3 PCz2 PCi PCo 


Current Page Addressing 


Instruction 





Program Counter |PC13PC12PC11 PCio PCs PCs PCz PCe PCs PCa PC3 PC2 PCi PCo 


Zero Page Addressing 


Instruction 





Program Counter {PC13PC12 PC11 PC10 PCa PCa PC7 PCs PCs PCa PC3 PC2 PCr PCo 


Table Data Addressing 


Figure 18. ROM Addressing Mode 
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256(n — 1) + 255 
256n 


256n + 254 
256n + 255 
256(n + 1) 


BBB NOP 





Figure 19. BR Instruction Branch Destination on Page Boundary 


Instruction 


B Register Accumulator 


Referred ROM Address |RAi3 RA12 RAiRAioRAs RAs RA7 RAs RAs RAs RAs RA2 RA: RAo 


Address Designation 


ROM Data ROs ROs RO7 ROes ROs RO«a.ROs RO2 RO:i ROo 


Accumulator, B Register}B3; Bz Bi Bo If ROs=1 


ROM Data 


Output Register R1, R2 |1R23 R22 R21 R20]/R13 R12 R11 Rilo If ROo= 1 


Pattern 





Figure 20. P Instruction 
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The HD404918 provides 100 instructions 6. Compare instruction 
which are classified into 10 groups as follows; 7. RAM bit manipulation instruction 
8. ROM address instruction 
1. Immediate instruction 9. Input/output instruction 
2. Register-to-register instruction 10. Control instruction 
3. RAM address instruction 
4. RAM register instruction Tables 15-24 list their functions, and table 25 
5. Arithmetic instruction is an opcode map. 
Table 15. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI i 10001 1 i3 i2 i1 in I-A 1/1 
Load B from Immediate LBI i 10000 O ig i2 ii in it -B 1/1 
Load Memory from LMID i,d 01101 O ig ig i1 i9n i-M 2/2 
Immediate dg dg d7 de ds dq d3 do d; do 
Load Memory from LMIIY i 101 00 1 ig ip iy ip iOM, Y+1-Y NZ 1/1 
Immediate, Increment Y 
Table 16. Register-to-Register Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 00010031000 BA 1/1 
Load B from A LBA 00110031000 A-8B 1/1 

0100000000 2/2 
Rea TOOT ay a 0000000000 ~~ *A (Note) 
Load A from Y LAY 001031011 1 =1 bea 1/1 
Load A from SPX LASPX 0001101000 SPX-A 1/1 
Load A from SPY LASPY 000101 1000 %SPY-A 1/1 
Load A from MR LAMR m 1001 1 1 mmmnmo MR(m)-A 1/1 
Exchange MR and A XMRA m 101 1 1 1 mmmm MR(m-A 1/1 


Note :An operand is provided for the second word of LAW and LWA instruction by the assembler 


automatically. 
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Table 17. RAM Address Instructions | 
Words/ 


Operation Mnemonic Operation Code | Function Status Cycles 
Load W from Immediate LWI i 001111 00% i9 i~W 1/1 
Load X from Immediate LX! i 10001 O ig ig i; i9n t~X 1/1 
Load Y from Immediate LYI i 1000 0 1 ig ig i1 in i -Y 1/1 
Load W from A LWA : i : : A-W rm 
Load X from A LXA 0011101000 A~X 1/1 
Load Y from A LYA 0011011000 A-~Y 1/1 
Increment Y IY 00010131100 Y+1-Y NZ 1/1 
Decrement Y DY 0011011414111 Y-1-Y NB 1/1 
Add A to Y AYY 0001010100 Y+tA-Y OVF 1/1 
Subtract A from Y SYY 0011010100 Y-A-Y NB 1/1 
Exchange X and SPX XSPX 0000000001 X+ SPX 1/1 
Exchange Y and SPY XSPY 0000000010 Y= SPY 1/1 
Exchange X and SPX,Y XSPXY 0000000011 X-SPX, Y~SPY 1/1 
and SPY 


Note: An operand is provided for the second word of LAW and LWA instruction by assembler 
automatically. 


© HITACHI 
. 1090 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





Table 18. RAM Register Instructions 


HD404918 








Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Memory LAM(XY) 001003100 y x M-A, (X-SPX, Y-SPY) 1/1 
Load A from Memory LAMD d 0110010000 M-A 2/2 
dg dg d7 dg ds dq d3 d2 d do 
Load B from Memory LBM(XY) 00010000 y x M-B, (X-SPX, Y-SPY) 1/1 
Load Memory from A LMA(XY) 00100101 =y x AM, (X-SPX, ¥Y-SPY) 1/1 
Load Memory from A LMAD d 01100103100 A~M 2/2 
dg dg d7 dg ds dq d3 do d; do 
Load Memory from A, LMAIY(X) 000101000 x A-M, Y+1-Y (X-SPX) NZ 1/1 
Increment Y 
Load Memory from A, LMADY(X) 00131031000 x A-M, Y-1-Y (X-SPX) NB 1/1 
Decrement Y 
Exchange Memory and A XMA(XY) 00100000 y x MHA, (X-SPX, Y-SPY) 1/1 
Exchange Memory and A XMAD d 0110000000 MnrA 2/2 
dg dg d7 de ds dq d3 do d; do 
Exchange Memory and B XMB(XY) 001310000y x M=-=B, (X-SPX, Y-SPY) 1/1 


Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes each (example of LAM 
(XY) is given, below). 


Mnemonic y x Function 

LAM Oo 8600 

LAMX 0 1 X + SPX 

LAMY 1 0 Y — SPY- 
LAMXY 1 1 X—-SPX, Y-SPY 


(2) The instructions with (X) have 2 mnemonics and 2 object codes each (example of LMAIY 
(X) is given below). 


Mnemonic x Function 
LMAIY O 
LMAIYX 1 X ~~ SPX 
@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 1091 





HD404918 


Table 19. Arithmetic Instructions 





Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Add Immediate to A Ali 10100 O ig ig iy ip Atin-~A OVF 1/1 
Increment B IB 0001001100 Bt1~—B NZ 1/1 
Decrement B DB 001100111 1 B-1-B NB 1/1 
Decimal Adjust for Addition DAA 0010100110 1/1 
Decimal Adjust for Subtraction DAS 0010101010 1/1 
Negate A NEGA 0001100000 At1-—A 1/1 
Complement B COMB 0101000000 B-B 1/1 
Rotate Right A with Carry ROTR 0010100000 1/1 
Rotate Left A with Carry ROTL 001010000 1 1/1 
Set Carry SEC 00111011311 =+1->CA 1a 
Reset Carry REC 00111031100 0-CA 1/1 
Test Carry TC 00011011 1 =1 CA 1/1 
Add A to Memory AM 0000001000 M+A-A OVF 1/1 
Add A to Memory AMD d 0100001000 MtA-A OVF. 2/2 
dg dg d7 dg ds da dz do dj do 
Add A to Memory with Carry AMC 0000011000 M+A+CA~A OVF 1/1 
: OVF-CA 
Add A to Memory with Carry AMCDd 010001 1000 M+A+CA~A OVF 2/2 
dg dg d7 dg ds dg d3. d2 d; dg OVF-CA 
Subtract A from Memory _ SMC 0010011000 M-A-CA~A NB 1/1 
with Carry ; NB-CA 
Subtract A from Memory SMCD d 0110011000 M-A-CA~A NB 2/2 
with Carry dg dg d7 dg ds dg d3 d2 dj do NB-CA 
OR A and B OR 0101000100 AUB~A 1/1 
AND Memory with A ANM 0010011100 ANM=A NZ 1/1 
AND Memory with A ANMD d 0110011100 ANM~A NZ 2/2 
dg dg d7 dg ds da d3 d2 dj do 
OR Memory with A ORM 0000001100 AUM-~A NZ A 
OR Memory with A ORMD d 0100001100 AUM~A NZ 2/2 
dg dg d7 de ds da d3 d2 di do 
EOR Memory with A EORM 0000011100 A®M--A NZ 1/1 
EOR Memory with A EORMD d 0100011100 A®M-~A NZ 2/2 


dg dg d7 dg ds da d3 do d; do 


Note: : Logical AND 
U : Logical OR 
@ : Exclusive OR 
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Table 20. Compare Instructions 


Operation 


Immediate Not Equal 
to Memory 


Immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory 


B Not Equal to Memory 
Y Not Equal to Immediate 


immediate Less or Equal 
to Memory 


Immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate 


Ninemonic 


INEM i 


INEMD i,d 


ANEM 


AMEMD d 


BNEM 
YNEI i 


ILEM i 


ILEMD i,d 


ALEM 


ALEMD d 


BLEM 


ALEl | 


Table 21. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 





Reset Memory Bit 


Reset Memory Bit 





Test Memory Bit 


Test Memory Bit 


Mnemonic 


SEM n 


SEMD n,d 


REM n 


REMD n,d 


TM n 


TMD n,d 


HD404918 











Operation Code Function Status 
000 0 1 O ig i2 51 ip ix M NZ 
0100 1 O ig i2 i; Io iz M NZ 
dg dg d7 dg ds dq d3 do dj do 
0000000100 A+M NZ 
0100000100 A#M NZ 
dg dg d7 dg ds dq d3 d2 di do 
0001000100 B+M NZ 
000 1 1 1 ig i2 4 Ig Y #i NZ 
0000 1 1 ig ig i i i=<M NB 
0100 1 1 ig i2 4 io isM NB 
dg dg d7 dg ds dq d3 do di do 
0000010100 As NB 
010001010 0 As NB 
dg dg d7 dg ds dq d3 do di do 
001100.0 10 0 B=M NB 
10101 1 ig t2 4 Io A si NB 
Operation Code Function Status 
0010000 1n 1% 1 — M(n) 
0110000 1m % 1 ~ M(n) 
dg dg d7 dg ds dag d3 d2 dj do 
0010001 0n 1% O -+M(n) 
011000 1 01m 1% O — M(n) 
dg dg d7 dg ds dq d3 d2 di do 
0010001 1m 1% M(n) 
O11000 1 1 =" 1m M(n) 
do 


dg dg d7 dg ds dq d3 do dy 
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Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


1/1 
1/1 
1/1 


2/2 





1/1 


2/2 


1/1 


Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


1/1 


2/2 
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Table 22. ROM Address Instructions 





Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 be bs bg b3 b2 bi bo 1 1/1 
Long Branch on Status 1 BRL u 0101 1 1 p3p2pi1 po 1 2/2 

dg dg d7 dg ds dq d3 do di do 
Long Jump Unconditionally JMPLu 010 1 0 1 p3p2pi po 2/2 
dg dg d7 dg ds dq d3 d2 di do 
Subroutine Jump on Status 1 CAL a O 1 1 1 as a4 a3 a2 a AD 1 1/2 
Long Subroutine Jump on CALL u 0101 1 O p3p2pi Po 1 2/2 
Status 1 dg dg d7 dg d5 dq4 d3 do di do 
Table Branch TBR p 0010 1 1 p3p2p1 po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 0000010001 1 -I/E ST 1/3 
CA Restore 

Table 23. Input/Output Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete I/O Latch SED 0011100100 1-D(Y) 1/1 
Set Discrete |/O Latch Diree SEDDm 101 1 1 Omg mm m 1 — D(m) 1/1 
Reset Discrete 1/O Latch RED 0001100100 £40-DIY) 1/1 
Reset Discrete I/O Latch Direct REDD m 1001 1 Omg mm rm 0 — D(m) 1/1 
Test Discrete !/O Latch TD 0013110000 0 D(Y) 1/1 
Test Discrete I/O Latch Direct TDD m 10101 0m mm m D(m) 1/1 
Load A from R Port Register LAR m 1001 0 1 mmm m R(m) > A 1/1 
Load B from R Port Register LBRm 10010 O0mmm no R(m) — B 1/1 
Load R Port Register from A LRAm 10110 1mmm no A ~ R(m) 1/1 
Load R Port Register from B LRBm 101 100m mm m B -» R(m) 1/1 
Pattern Generation Pp 0110 1 1 p3 pa p1 Po 1/2 
Table 24. Control Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP OoO00g00g0000000- 1/1 
Standby Mode SBY 01010031100 1/1 
Stop Mode STOP 01010031101 1/1 


Note: HD404918 has no serial interface, so STS (start serial) operates the same as NOP. 
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Table 25. Opcode Map 


LSC) aaa Seen 
rofjo|1[2{a]4{siei7/ele/alelc/plelrjo|1|2}3}4/s/6]7/8/9| 
a eee eee ee ee ee 
J i ial sl en el (Dl ce 
INEM i(4) INEMD i(4) 
ILEM i(4) ILEMD i(4) 









Ea 


laa 





Ea 
Ei 
Hew 


\\ 
MA 









\ 
\ 


JMPL p(4) 
CALL p(4) 
YNEI i(4) BRL p(4) 


SEM n(2) | REM n(2) | TM n(2) paw EMD n(2) | TMD n(2) 
to [ewan dp fl 
pommpony pad ons) LMID i(4) 


p(4) 


| 


T 


me) 


MN 


\ 


> 
n 


& | 


S 
S 


LAMR m(4) BR b(8) 





ee 
ees 


XMRA m(4) 


Je |e fee Se || st S| oem oe le eae a) 2 
[re 
x 


["_}1-word/2-cycle [___}--1-word/3-cycle [__]}--RAM Direct Address [_ |--2-word/2-cycle 
Instruction Instruction Instruction instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 


Symbol Value Unit Note 


item 
Supply Voltage Vec -0.3 to + 7.0 V 
Terminal Voltage Vr —0.3 to Vec + 0.3 V 3 
-0.3 to + 15 V 4 
Total Allowance of Input Current = lo 200 . mA 5 
Maximum Input Current lo 15 mA 7, 8 
35 | mA 7,10 
Maximum Output Current —lo 4 mA 8,9 
Total Allowance of Output Current —= Ilo 50 | mA — 6 
Operating Temperature Topr -—20 to + 75 “C 
Storage Temperature Tstg -55 to + 125 °C 
Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 
2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input current which flows in from all !/O 
pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out from 
Vcc to all I/O pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each !/O pin to GND. 
8. Do—Di4a, R3—R4, RO 
9. Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 
0. R1—R2. 
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Electrical Characteristics 


DC Characteristics 


(Vcc = 4V to 6 V, GND = OV, Ta = —20°C to + 75°C) 


item 


Input High 
Voltage 


Symbol 


Vin 


Pin 


RESET, 


INTo, 
INT, 


OSC, 


0.8 Vcc 


Typ Max 


Vec + 0.3 


Vec + 0.3 


Unit 


HD404918 


Vec — 0.5 


Input Low 
Voltage 


Input/Output 
Leakage 
Current 


Current 


ViL 


Had 


Icc 


RESET, 


INTo, 
INT 


OSC, 


RESET, 


INTo, 
INT,, 
OSC, 


Vcc 


- 0.3 


0.2 Vcc 


0.5 


2.5 


uA 


mA 


=.0.3 


Test Condition Note 
Vin = OV to Vec 1 


Vcc = SV; 2,5 


Dissipation in 
Active Mode 


Current 
Dissipation in 


Standby Mode 


Current 
Dissipation in 
Stop Mode 


Stop Mode 


Retain Voltage 


IsBy 


Istop 


Vstop 


Vec 


Vec 


Vec 


1.0 


10 


mA 


uA 


V 


Notes: 1. Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 


- MCU in reset state, operation mode 
- RESET, TEST: Vcc 





* Do-Di4, RO-R4: Vcc voltage 
3. The timer/counter operates with the fastest clock. Input/output current does not flow. 


- MCU in standby mode 


- Input/output in reset state 
- RESET: GND 


- TEST: Vec 


- Do-Di4, RO-R4: Vcc voltage 
4. Excluding pull-up MOS current. 
5. When fose = X MHz, estimate the current dissipation as follows: 

Max value @ x MHz 


x/4 < (max value @ 4 MHz) 
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Tose =4 MHz, > 8 


Vec = 5V; 3,5 
fose = 4 MHz, oe 8 


Vin(TEST) = Vec - 0.3Vto 4 
Vec; Vcc, Vin(RESET) = 
OVto0.3 V 
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Input/Output Characteristics for Standard Use 
(Vcc=4V to 6V, GND=OV, Ta=—20° to +75°C) 








Item Symbol Pin Min Typ Max . Unit Test Conditions Note 
Voltage Pe EIT 
Do-D14 4 
R3-R4 
Input Low Vit R1-R2 -0.3 0.3Vcc V 3 
Voltage SS ee 
Do-D14 | 4 
R3-R4 
Output High Vou Do-Di4 Vec — 1.0 V — lon = 1.0 mA 1 
Voitage R3-R4, RO 
Do-D14, Vec — 0.5 V — lon = 0.5 mA 1 
R3-R4, RO 
Voltage R3-R4, RO 
R1-R2 1.0 V Vec = 5 V, lo. = 25 mA 3 
Input/Output Lhd Do-D14, 1 uA Vin = 0 V to Vec 2 
Leakage Current R3-R4, RO 
R1-R2 20 
Pull-Up MOS —Ip Do-Di4, 30 60 150 uA Vec = 5V, Vin = OV 4 
Current R3-R4, RO 


Notes: 1. Applied to I/O pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to 1/0 pins without pull-up MOS mask option. 
4. With pull up MOS is selected by mask option. 


Input/Output Characteristics for High Voltage Use 
(Vcc = 4Vto6V, GND = OV, Ta=—20°C to + 75°C) 


item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin Do-D14, 0O.7Vecc 12 V 1 
Voltage R3-R4 

Input Low VIL Do-Dia, -0.3 0.3 Vcc V 1 
Voltage R3-R4 

Output High VoH Do-Di4, 11.5 V 500 kO to 12V 1 
Voltage R3-R4, RO 

Output Low VoL Do-D14, 0.4 V lo. = 1.6mA 1 
Voltage R3-R4, RO 

Input/Output { ut) Do-Dy4, 1 uA Vin = OV to Vec 1 
Leakage R3-R4, RO 

Current j 





Notes: 1. Applied to I/O pins without pull-up MOS by mask option. 
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AC Characteristics 


(Vcc = 4V to 6 V, GND = OV, T, = 


Item 


Oscillation Frequency 


Instruction Cycle 
Time 


Oscillator Stabiliza- 
tion Time 


External clock 
Frequency 


External Clock 
High, Low 
Level Width 


External Clock Rise 
Time 


External Clock Fall 
Time 


Instruction 
cycle Time 


INTo High Level 
Width 


INTg Low Level 
Width 


INT, High Level 
Width 


INT, Low Level 
Width 


RESET High Level 
Width 


Input Capacitance 


RESET Fall Time 


Symbol 
fose 


teyc 


trc 


fop 


tCPH, 
tcPL 


tcPr 


tcpf 


teyc 


tiOH 


tioL 


titH 


tit 


tRSTH 


Cin 


trstf 


Pin 


OSC1, OSC2 


OSC, OSC2 
OSC; 


OSC, 


OSC, 


OSC, 


INTo 
INTo 
INT; 
INT; 
RESET 


All pins 


—20°C to + 75°C) 


Min Typ 


0.4 4 


1.78 2 


0.4 


92 


1.78 


Max 


4.5 


20 


20 


4.5 


20 


20 


20 


15 


20 
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Test 
Unit Conditions 


MHz Divide by 8 


BS 


ms 


MHz 


ns Divide by 8 


ns 


ns 


LS 


teye 


teyc 


teye 


teye 


teye 


pF 


ms 


Note 


4 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage 4 V after power-on, or after RESET goes high. At power-on or 
stop mode release, RESET must be kept high for at least tac. Since tac depends on the crystal 
or ceramic filter’s circuit constant and stray capacitance, please get the manufacturer's advice 
when designing the RESET circuit. (See figure 21.) 
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. See figure 22. 
. See figure 23. 
. See figure 24. 
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Crystal oscillator Ceramic filter oscillator 


Ceramic 
filter 


Crystal: 4.194304 MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA 4.00 MG (Murata) 
Rr: 1MQ+ 20% Re: 1M2+ 20% 
C,: 22 pF + 20% C,: 30 pF + 20% 
C2: 22 pF + 20% C2: 30 pF + 20% 





Figure 21. Oscillator Circuit 





Figure 22. Oscillator Timing 


tion, thy tot, tHe 





Figure 23. Interrupt Timing 





Figure 24. Reset Timing 
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MASK OPTION LIST 


1/O Option 


Please enter check marks in applicable items for I/O 
A: Without Pull-up MOS (NMOS Open Drain) 
C: CMOS (not be used as Input) 


70 Option | Option 


‘Input/Output Output 





Input/Output 


rmwvowon [| 
oaiowee || 
- 
waiowme | 
ewaiowee | 
eoaiowe | 
A 


— Input/Output 





Notes * 1. 
*2. 


Means high current pins. 


ca ces mw Te 


ae a 
renown | || 
renown ||| 
renown ||| 
i 
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Date of Order 


Customer 


Dept. 


Name 
ROM Code Name 


LSI Type Number 
(Hitachi's entry) 


option selection. 
B: With Pull-up MOS 





Note: I/O options masked by & are not available. 





1/O Option 


Input/Output 













7 a 
RO, | outee! Eee 4 
no: [foun | | | 
| oe 
R10 Input/Output Wy Y/f} 
R1, Input/Output y Ly 





Input/Output 


7// 
WY ff 
yy 


| 


Input/Output 


Input/Output 


\ 


Input/Output 





C 


Bs) 
No 







R30 Input/Output i 
: oe 
R3 
: co 
Tra pee 
R4, Input/Output | —— 













Input/Output 






Input/Output 


Means high voltage pins only when “A” mask option is selected. 
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ROM Code Media 


Please enter check mark (MI, X, \’) in applicable item. 


ROM Code Media 
[(-] EPROM: Emulator Type 


[(-] EPROM: EPROM On-Package Microcom- 
puter Type 


APPLICATION CHECK LIST 


Oscillator (CPG option) 







Please enter check mark (MI, X, \/) in applicable item. 


CPG [_] Ceramic Filter | 
Option {-] Crystal 
[] External Clock 
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Description 

The HD404919 CMOS 4-bit single-chip 
microcomputer in the HMCS400 series 
incorporates ROM, RAM, I/O, and timer/ 
counter and contain high-voltage I/O pins 
including high-current output pins. 


Features 

@ 4-bit architecture 

@® 16384 words of 10-bit ROM 

@ 992 digits of 4-bit RAM 

@ 3511/0 pins, including 27 high-voltage I/O 


pins (12 V max) 
Timer/counter 
—11-bit prescaler 
—8-bit auto-reload timer/event counter 
(timer B) 
@ Three interrupt sources 
—External: 2 
—Timer/counter: 1 
@® Subroutine stack 
—Up to 16 levels including interrupts 
@® Minimum instruction execution time: 
0.89us 
@ Low power dissipation modes 
—Standby: Stops instruction execution 
while allowing clock oscillation and 
interrupt functions to operate 
—Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 
@ On-chip oscillator 
—Ceramic filter 
External Clock input 
@ Standard 42-pin dual in-line plastic 
package 
@ Instruction set compatible with 
HD404918/HD40P4919; 100 instructions 
@ High programming efficiency with 10-bit/ 
word ROM: 78 single-word instructions 
@ Direct branch to all RAM areas 
@ Direct or indirect addressing of all RAM 
- areas 
@ Subroutine nesting up to 16 levels includ- 
ing interrupts 
@ Binary and BCD arithmetic operations 
@ Powerful logical arithmetic operations 
@ Pattern generation/table lookup capabil- 
ity 
e Bit manipulation for both RAM and I/O 


—Preliminary— 
Program Development Support Tools 


@ Cross assembler and simulator software for 
use with IBM PCs and compatibles 


® In circuit emulator for use with IBM PC 

HD40P4919 with the following fixed 

options: 

—I/O pin: NMOS open drain 

—Oscillator: ceramic filter oscillator 
(externally drivable) 

—Timing generator divider: Divide by 8 

—Package: standard 42-pin dual in-line 
ceramic package 


Pin Arrangement 


R32/INTo CI '9 
R33/INT: 7° 
GNDC}? 


(DP-42) 
(Top View) 
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Block Diagram 


R33/ R32/ 
INT: INTo RESET TEST OSC: 0SC2 Vcc GND 


— External System Control 
Cc 
_—— Interrupt 
cS 


ROM 
Interrupt Fite emt 


16,384 x 10 bit 
Instruction 
992 x 4bit Decoder 


Tee Mee 


Snr 


IRASRA SRA Ra R3s/R32/R3:R301 R23R22R2:R20 R13R12R11R10 IROsRO2RO:ROo 
INT INTo 


Notes: 1. When “without pull-up MOS” is selected by mask option, 
Do-Di4, RO, R3, and R4 Can be used as high voltage pins. 
2. When “with pull-up MOS” or “CMOS” is selected by mask option, 
Do-D14, RO, R3, and R4 are the same as standard pins. 
3. R1 and R2 have only “without pull-up MOS” mask option and 
they are high current pins. 
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Pin Description 
GND, Vcc (Power Supply) 


GND and Vcc are the power supply pins for 
the MCU. Connect the GND to the ground (0 
V) and apply the Vcc power supply voltage to 
the Vcc pin. 


TEST (Test) 
TEST is for test purposes only. Connect it to Vcc. 
RESET (Reset) 


RESET resets the MCU. For details, see Reset 
section. 


OSC, OSC2 (Oscillator Connections) 


OSC; and OSCz2 are input pins for the internal 
oscillator circuit. They can be connected to a 
ceramic filter resonator, or external oscillator 
circuits. For details, see Internal Oscillator 
Circuit section. 


HD404919 


Do— Dia (D Port) 


The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to Dia are high-voltage pins. The 
circuit type for each pin can be selected using 
a mask option. For details, see Input/Output 
section. 


ROo—ROs, Rilo—Ris, R20.—R23, R30—R33, 
R40—R43 (R Ports) 


RO to R4 are 4-bit I/O ports. RO is an output 
port, and R1 to R4 are I/O ports. RO, R3,and R4 
are high-voltage ports, and R1 and R2 are 
high current ports. Each pin has a mask 
option which selects its circuit type. The pins 
R32, R33 of port R3 are multiplexed with INT» 
and INT: respectively. For details, see Input/ 
Output section. 


INTo, INT: (Interrupts) 


INTp and INT, are external interrupts for the 


_MCWU. INT) can be used as an external event 


input pin for timer B. INTp and INT; are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 
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Functional Description 
ROM Memory Map 


The MCU includes 16384 words x 10 bits of 
ROM. ROM is described in the following par- 
agraphs and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After a 
reset or interrupt routine is serviced, the 
program is executed from the vector address. 


Vector Address 


Zero-Page Subroutine 
(64 Words) 


Program 
Pattern 
(4,096 Words) 


Program 
(16,384 Words) 





Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $OFFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 


Program Area ($0000 to S3FFF): Loca- 
tions from $0000 to $3FFF can be used for 
program code. 


JMPL Instruction 
(Jump to RESET Routine) 


- Oo 


JMPL Instruction 
(Jump to INTo Routine) 


JMPL Instruction 
(Jump to INT; Routine) 


JMPL Instruction 
(Jump to Timer B Routine) 


2 
3 
4 
5 
6 
7 
8 
9 


Figure 1. ROM Memory Map 
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RAM Memory Map 


The MCU includes 992 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 


Interrupt Control Bit Area (S000 to $003): 
The interrupt control bit area (figure 3) is 


used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 


RAM-Mapped Registers 


Memory Registers (MR) 


Data 


(928 Digits) 


Stack 
(64 Digits) 


R: Read Only (TCBL) 


Timer/Event Counter B Lower: 


HD404919 


However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. ~ 


Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter- 
rupt, and the timer/counter. These registers 
are classified into three types: write-only, 
read-only, and read/write as shown in figure 
2. These registers cannot be accessed by 
RAM bit manipulation instructions. 


Interrupt Control Bits 


Not Used 


Timer Mode Register B (TMB)! 


| (TCBL/TLRL)! R/W |$O0A 
Timer B 
(Note) (TCBU/TLRU): R/W {$00B 


Note: Two registers are mapped on same address. 


Timer Load Reg. Lower 


TLRL 
_ ( 


R 





W: Write Only 


R/W: Read/Write (TCBU} 





Timer/Event Counter B Upper: 


Timer Load Reg. Upper 


: (TLRU) 





Figure 2. RAM Memory Map 
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Data Area ($020 to S3BF): 16 digits, $020 
through $02F, in the data area are called 
memory registers (MR) and are accessible by 
LAMR and XMRA instructions (figure 4). 


Stack Area (S3CO to S3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
gave the contents of the program counter 
(PC), status (ST) and carry (CA) when su- 


bit 3 bit 2 


IMO IFO 
(IM of INTo) 


(IF of INTo) 


Not Used 


Not Used 





Not Used Not Used 
Interrupt Request Flag 
interrupt Mask 
Interrupt Enable Flag 
Stack Pointer 


broutine calls (CAL-instruction, CALL- 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 


bit 1 bit O 
PSP ve 
(Reset SP Bit) (Interrupt Enable Flag) 


IM1 IF 1 
(IM of INT;) (IF of INT}) 


IFTB 
(IF of Timer B) 


IMTB 
(IM of Timer B) 


Not Used 


Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/ 
REMD instruction, and is tested by the TM/TMD instruction. They are not affected by other instruc- 
tions. Furthermore the interrupt request flag is not affected by the SEM/SEMD instruction. 

The content of status becomes invalid when “Not Used” bits or the RSP bit are tested by a TM or TMD 


instruction. 


Figure 3. 


Memory Registers Stack Area 


Level 16 {$3C0 


Level 13 


Level 10 


Level 2 
Level 1 








Interrupt Control Bit Area Configuration 


PC13 to PCo: Program Counter 
ST: Status 
CA: Carry 


bit 2 bit 1 


Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 


The MCU has nine registers and two flags for 
CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis- 
ters. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY assist the X 
and Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 


Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 


test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack and res- 
tored back from the stack by a RTNI instruc- 
tion, but not by a RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trols the sequence in which the instructions 
stored in ROM are executed. 


Stack Pointer (SP): The stack pointer (SP) is 
used to point to the address of the next 
stacking area (up to 16 levels). 


The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in- 
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 


The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 





0 
: 


Go ey) 


GW 


; 


iG 
; 


1) 


Accumulator 


(o) 


B Register 


—_ 
@ 


W W Register 


le 


X Register 


Y_ Register 


SPX SPX Register 


SPY SPY Register 


Carry Flag 
Status Flag 


Program Counter 


Stack Pointer 


9 
i 
Figure 5. Registers and Flags 
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Interrupt 


Three interrupt sources are available on the 
MCU: external requests (INTo, INT:), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM), and interrupt vector addresses are pro- 
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control interrupt operations. 


Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 


mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to O, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 





Table 1. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector addresses 





RESET — $0000 
INTo 1 $0002 
INT; 2 $0004 
Timer B 3 $0008 ; 


= 
+ 
88) 





Table 2. Conditions of Interrupt Service 


Interrupt Control Bit INTo INT; Timer B 
/E 1 1 1 
IFO-IMO 1 O O 
IF1-1M1 ** 1 0 
IFTB-IMTB * x 1 


Notes: Don't care 


Sequence 
Control 

‘Push PC/CA/ST 
‘Reset I/E 

‘Jump to Vector 
Address 


Vector Address 


Priority Control PLA 


Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is O. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
SOUICEeS. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after the MCU jumps to the 
vector address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INT:): The 
external interrupt request inputs (INTo, INT) 
can be selected by the port mode register 
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(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT; pin and R32/INTo pin to be 
used as INT; pin and INT»p pin respectively. 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT: 
inputs. (Refer to table 4.) 


The INT, input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT: input. When 
INT; is useal as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT: will not be 
accepted. (Refer to table 5.) 


External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT; inputs 
respectively. 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/ INTo pin, and R33/ 
INT: pin as shown in table 6. The port mode 
register will be initialized to $0 by MCU reset. 
These pins are therefore initially used as 
ports. 





Table 3. Interrupt Enable Flag 


Interrupt Enable Flag Interrupt Enable/Disable 





0) Disable 
1 Enable 
Table 4. External Interrupt Request 


Flag 








Table 5. External Interrupt Mask 


External Interrupt Masks Interrupt Requests 





O Enable 


1 Disable (masks) 





Table 6. Port Mode Register 














PMR3 R33/INT, Pin 
Ex Int Req Flags Interrupt Requests 

0 Used as R33 port input/output pin 
0 No — 

1 Used as INT, input pin 
1 Yes 

- PMR2 R32/INTo Pin 
0 Used as R32 port input/output pin 
1 Used as INTo input pin 
© HITACHI 
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Instruction 
Cycles 


Instruction 
execution 


Interrupt Stacking, 
accepted Reset of 1/E 


Figure 7. 


Stacking, 
Vector address 
is generated 


JMPL instruction execution on the 
vector address 


Interrupt Servicing Sequence 
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Instruction 
execution at 
Starting address 
of the interrupt 
routine 








Power 
On 
No 
Yes 
(A) 
Reset MCU 
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Interrupt 


Request 
9 


Yes 







No 


Yes 
(C) 





Execute 
Instruction 


Interrupt 
Accept 





PC « (PC)+1 /E<O 
Stack <— (PC) 


Stack <— (CA) 
Stack < (ST) 


y INTo 
PC < $0002 gs Interrupt 
? 
No 
PC <- $0004 


No 
PC <- $0008 (Timer B Interrupt) 











Figure 8. Interrupt Servicing Flowchart 
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Timer 


The MCU contains a prescaler and a timer/ 
counter (timer B, figure 9) whose functions 
are the same as HMCS404C’s. The prescaler is 
an 11-bit binary counter, and timer B is an 8- 
bit auto-reload timer/ event counter. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer B. The prescaler divide ratio is 
selected by the timer mode register B (TMB). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT, as INT; and 
set the external interrupt mask (IM1) to pre- 
vent an external interrupt request from oc- 
curring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 
reload function is selected timer B is initial- 
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 


Timer Mode Register B (TMB: S009): The 
timer mode register B (TMB) is a 4-bit write- 
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 7. The timer mode register B is initial- 
ized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 
TMB are changed. Configuration and function 
of timer mode register B is shown in figure 10. 


Timer B (TCBL: SOOA, TCBU: SOOB, TLRL: 
SO0A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$O00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched when the high-or- 
der digit is read. 








Timer Mode Register B 


TMB (4 bit) 


INT) 
© Timer B MPX 


“ 
System 
Prescaler (11 bit) 


ef. 


Internal Bus Line (S1) 


: =] | 


Timer Latch 


BERGAES aa 


TLR (8 bit) 
Timer Load Register 
Internal Bus Line (S2) 





TCB (8 bit) 
Timer/Event Counter B 






Request Flag 
of Timer B 





de 






Figure 9. Timer Block Diagram 
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Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 8). 


Table 7. Timer Mode Register B 





TMB3 Auto-reload Function 
O No 
1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 




















O 0 O + 2048 
0 0 1 = 512 
O 1 O og 128 
O 1 1 a” 32 
1 O O 8 
4 0 1 = 4 
1 1 0 = 2 


INT, (External Event Input) 


PMR: $004 


mE DX 


TMB: $009 


TMB3 | TMB2 | TMB1 [| TMBO 
+ -—_______—_—__ 
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Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 9). 


Table 8. Timer B Interrupt Request 


Flag 


Timer B Interrupt 
Request Flag Interrupt Request 
0 No 


1 Yes 


Table 9. Timer B Interrupt Mask 
Timer B interrupt Mask Interrupt Request 
0 Enable 


1 Disable (Mask) 


R32/INTo pin mode selection 


R33/INT: pin mode selection 


eee Timer B input clock selection 





Auto-reload function selection 


Figure 10. Mode Register Configuration and Function 
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Input/Output 


The MCU has 35 I/O pins, 8 standard and 27 
high voltage. One of three circuit types can 
be selected by mask option for each high- 
voltage pin: (A) “without pull-up MOS (NMOS 
open drain)”, (B) “with pull-up MOS”, or (C) 
“CMOS”. High-voltage pins can be used as 
high-voltage I/O pins only when (A) is 
selected, but except R1 and R2. R1 and R2 are 
fixed to (A) mask option. 


When any input/output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 11. 


Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
figure 11 shortens the rise time of the output. 


When the MCU executes an output instruc- 
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 ,a high output 
level is maintained by the pull-up MOS (C). 


When the HLT signal becomes 0 in stop 
mode, MOS (A) (B) (C) turn off. 


D Port: The D I/O port has 15 discrete I/O 
pins, each of which can be addressed in- 
dependently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc- 
tions. See table 10 for the I/O pin circuit types. 


R Ports: The six R ports are composed of 16 
I/O pins, 4 output-only pins. Data is input 
through LAR and LBR instructions and out- 
put through LRA and LRB instructions. The 
MCU is not be affected when the input-only 
and/or non-existing ports are written into, 
while invalid data will be read from the 
output-only and/or non-existing ports. 


The R32 and R33 pins are multiplexed with 
the INT> and INT; pins respectively. See table 
10 for the selectable circuit types for these 
I/O pins. 


Unused I/O Pins: If unused I/O pins are left 
floating, the LSI mav malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 


High-voitage: select “without pull-up MOS” 
(NMOS open drain) via mask option and 
connect to Vcc on the printed circuit board. 


Standard: select “without pull-up MOS” 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 


Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when stop mode, is can 
called the reset must satisfy trc for the oscil- 
lator to stabilize. In all other cases, at least 
two instructions cycles are required for the 
MCU to be reset. 


Table 12 shows the parts initialized by MCU 
reset, and the status of each. 
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Table 10. I/O Pin Circuit Types 


Without Pull-Up MOS With pull-up MOS Applicable 
(NMOS Open Drain) (A) (B) Pins 


Input 
data 


ie 


High Current Not available Not available Not available Fed 
High Voltage Available Not available Not available | 


Without Pull-Up MOS Applicable 
(NMOS Open Drain) (A) pins 


Input 
data 
1/0 
Common 
HLT 
Output 
data 


Pins 


High Current) Available 





High Voltage} Not avaiiable 


Without Puli-Up MOS With Pull-Up MOS Applicable 
(NMOS Open Drain) (A) (B) Pins 


Vcc 


— HLT 
oo ROQo- RO3 
data 


High Current Not available Not available Not available 
High Voltage Available Not available Not available 


Notes: 1. When “without pull-up MOS” is selected by mask option, Do—Di4, RO, R3, and R4 can be 
used as high voltage pins. 
2. When “with pull-up MOS” or “CMOS” is selected by mask option, Do—Di4, RO, R3, and R4 
are the same as standard pins. . 
3. R1 and R2 have only “without pull-up MOS” mask option and they are high current pins. 
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Table 11. Data Input from Input/Output Common Pins 


1/O Pin Circuit Type Input Possible Input Pin State 
CMOS No = 
Without pull-up MOS | 
Yes 1 
(NMOS open drain) 
With pull-up MOS Yes 1 






__ J L_Write pulse 
Pull-up MOS (C) a ua EMOeie) pe sea 


HLT 
NMOS (A) 
Data 


1 Instruction cycle 


Output instruction execution 
Write pulse ee 


Figure 11. Output Circuit Operation of Pins With Pull-Up MOS Option 
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Table 12. Initial Value After MCU Reset 
Initial Value by 
items MCU Reset Contents 
Program Counter (PC) $0000 Execute program from the top of ROM 
address 
Status (ST) 1 Enable branch with conditional branch 
instructions 
Stack Pointer (SP) $S3FF Stack level is O 
1/O Pin (A) Without Pull-Up MOS 1 Enable input 
Output Register 
(B) With Pull-Up MOS 1 Enable input 
(C) CMOS 1 ee 
Interrupt Flag Interrupt Enable Flag (I/E) 0) Inhibit all interrupts 
Interrupt Request Flag (IF) 0 No interrupt request 
interrupt Mask (IM) 1 Mask interrupt request 
Mode Register Port Mode Register (PMR) 0000 See port mode register 
Timer Mode Register B (TMB) OOOO See timer mode register B 
Timer/Counter Prescaler $000 ak 
Timer/Event Counter B (TCB) $00 a 
Timer Load Register (TLR) $00 = 


Note: MCU reset affects the rest of registers an follows: 


After MCU Reset 


item 

Carry (CA) 
Accumulator (A) 

B Register (B) 

W Register (W) 
X/SPX Registers (X/SPX) 
Y/SPY Registers (Y/SPY) 


RAM 
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After Recovering from Stop 
Mode by MCU Reset 

The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 


software. 


The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 
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(Non-Stop-Mode) 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 
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Internal Oscillator Circuit 


Figure 12 outlines the internal oscillator cir- the ceramic filter. In this cases, external clock 
cuit. In addition, see figure 13 for the layout of operation is available. 


Divider 


a Timing 
Nanitna-- circuit suit ghd System 
WouMlaLul yeoricralur ‘ 


1/8 circuit clock 





Figure 12. Internal Oscillator Circuit 





Figure 13. Layout of Ceramic Filter 


© HITACHI 
1120 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 





HD404919 





Table 13. Examples of Oscillator Circuits 


External Oscillator 
Clock 
Operation 



















OSC, 









Open—OSC2 


Ceramic filter 
CSA 8.00MT (Murata) 


Ceramic 
Filter 
Oscillator 














Ceramic 





Re: 1 MQ + 20% 
C1: 30 pF + 20% 
C2: 30 pF + 20% 







I+ I+ 





Notes: 1. For the ceramic filter resonator, the upper circuit parameters are recommended by the ceramic 
filter maker. Ceramic filter resonator, and the floating capacitance change circuit parameters 
in designing the board. In designig the resonator, please consult with the engineers of the 
ceramic filter maker to determine the circuit parameters. 

2. Wiring between OSC:, OSC2, and elements should be as short as possible, and never cross 
other wires. Refer to the layout of ceramic filter (figure 13). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
14). Figure 14 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 


tion puts the MCU into standby mode. In 


standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 





Table 14. Low Power Dissipation Mode 


Condition Standby Mode 
Instruction SBY instruction 
Oscillator circuit Active 
Instruction execution Stopped 
Register, flag Retained 
Interrupt function Active 

RAM Retained 


Input/output pins 
Timer/counter Active 


Recovery method 


Retained (note 2) 


RESET input, interrupt request 


Stop Mode 


STOP instruction 


Stopped 


Stopped 

Reset (note 1) 
Stopped 
Retained 

High impedance 
Stopped 

RESET input 


Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 12 for the contents of flags 


and registers. 


2. As I/O circuits are active, an |/O current may flow in standby mode, depending on the state 
of the I/O pins. This is an additional current added to the standby mode current dissipation. 


Active 


Standby 





Figure 14. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 


Figure 15 shows the flowchart of the standby 
mode. 
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Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to trc for oscil- 
lation to stabilize. (Refer to AC Characteris- 
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y/SPY registers, and car- 
ry May not retain their contents. 














Oscillator active 
Peripheral clocks 
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All other clocks 
stop 












Restart 
processor clocks 










Execute 


Reset MCU 
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; 
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<> 


Ye 


S 
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accept 






Figure 15. MCU Standby Mode Operation Flowchart 


@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


1123 





HD404919 


RAM Addressing Mode 


As shown in figure 17, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 7 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 18. 


Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC,) 
with the 8-bit immediate data. 


| Stop mode | 


When BR is on a page boundary (256n + 255) 
(figure 19), executing a BR instruction trans- 
fers the PC contents to the next page 
because of the hardware architecture. Con- 
sequently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 


pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low- order six bits of 
the program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PCi3 to 
PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 20). When bit 8 in the © 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 


oscil TN = A 


Internal clock oe 


RESET a. ne 


STOP instruction execution 


tres | 


(more than stabilization time: trc) 





Figure 16. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 
FOCI, COR ae gee el NG ee et ee 


Register Indirect Addressing 









RAM Address 


Instruction 1st Word Instruction 2nd Word 


RAM Address 





Direct Addressing 


Instruction 








RAM Address 


Memory Register Addressing 


Figure 17. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 


Instruction 1st Word Instruction 2nd Word 


3 p2 pi do ds dz de ds da ds dz di_ do 
Program Counter }|PC13 PCi2 PC11 PCio PCa PCa PCy PCe PCs PCa PC3 PC2 PC: PCo 


Direct Addressing 





Instruction 


Program Counter |PC13 PC12 PC11 PCi0 PCs PCs PC7 PCe PCs PCa PC3 PCz PC: PCo 





Current Page Addressing 


Instruction 





Program Counter |PC13PC12PC11 PC10 PCo PCs PCz PCs PCs PCa PC3 PC2 PC: PCo 


Zero Page Addressing 


instruction 







Accumulator 







As A2 Ai Ado 


Program Counter|PC13PC12 PC11 PC10 PCg9 PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Table Data Addressing 


Figure 18. ROM Addressing Mode 
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256(n — 1) + 255 
256n 


256n + 254 
256n + 255 
256(n + 1) 


BBB NOP 





Figure 19. BR Instruction Branch Destination on Page Boundary 


Instruction 


Opcod 

B Register Accumulator 
B2 A3s A2 Ai 

Referred ROM Address |RAi3 RAi2 RA1:RA10RA9 RAs RA7 RAs RAs RAs RA3 RAz RA: RAo 


Address Designation 


ROM Data ROs ROs RO7 ROs ROs RO« RO3z RO2 RO: ROo 


Output Register R1, R2 |R23 R22 R21 R20]/R13 R12 R11 Rilo If ROs=1 


Pattern 





Figure 20. P Instruction 
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Instruction Set 


The HD404919 provides 100 instructions 


which are classified into 10 groups as follows; 


Immediate instruction 


RAM address instruction 
RAM register instruction 
Arithmetic instruction 


Th WN 


Register-to-register instruction 


6. Compare instruction 
7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 
10. Control instruction 


Tables 15-24 list their functions, and table 25 
is an opcode map. 





Table 15. Immediate Instructions 





Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from immediate LAI i 10001 1 i3 ig 1 ip IMA 1/1 
Load B from Immediate LBI i 1000 0 O ig ig iy in i> B 1/1 
Load Memory from LMID i,d 01101 O i3 ig iy i9 17M 2/2 
immediate dg dg d7 dg ds dq d3 d2 di do 
Load Memory from LMIIY i 101 0 0 1 ig ig iy ip i-M, Y+1~-Y NZ 1/1 
Immediate, Increment Y 
Table 16. Register-to-Register Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 B+A 1/1 
Load B fromA LBA 0011001000 A~B 1/1 
Load A from W “wW 9000000000 WA (Note 
Load A from Y LAY 0010101111 YA 1/1 
Load A from SPX LASPX 0001101000 SPX +A 1/1 
Load A from SPY LASPY 0001011000 SPY -A 1/1 
Load A from MR LAMR m 1001 1 1 mmmm MRim)-A 1/1 
eenaaee MR and A XMRA m 10111 1 mmmm MRim) — A 1/1 


Note :An operand is provided for the second word of LAW and LWA instruction by the assembler 


automatically. 
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Words/ 


Cycles 


1/1 
1/1 
14 


2/2 
(Note) 


il 
1/1 


1/1 





1/1 
1/1 
1/1 
1/1 
1/1 


1/1 


Operation Mnemonic Operation Code Function Status 
Load W from Immediate LWI i 00111100 i9 i>WwW 

Load X from Immediate LX] i 1000 1 O ig ig iy ipn i +X 

Load Y from Immediate LY! 1000 0 1 ig i2 1 in 1 Y 

Load W from A LWA a eae ear A -~W 

Load X from A LXA 00111031000 A-xX 

Load Y from A LYA 0011011000 A~-Y 

Increment Y lY 0001011100 Yti-~-¥ NZ 
Decrement Y DY OOF Tih a. a a TD a ca. NB 
Add A to Y AYY 0001010100 Y+tA-Y¥ OVF 
Subtract A from Y SYY 00110310100 Y-A-Y NB 
Exchange X and SPX XSPX 0000000001 X-+ SPX 

Exchange Y and SPY XSPY 0000000010 Y-+ SPY 

Exchange X and SPX,Y XSPXY 000000001 1 X+SPX, Y-SPY 

and SPY 


Note: An operand is provided for the second word of LAW and LWA instruction by assembler 


automatically. 
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Table 18. RAM Register Instructions 


Words/ 
Operation. Mnemonic Operation Code Function Status Cycles 
Load A from Memory LAM(XY) 00100100y x M-A, (X-SPX, Y-SPY) 1/1 
Load A from Memory LAMD d 0110010000 M-A 2/2 
dg dg d7 de ds dq d3 d2 di do 
Load B from Memory LBM(XY) 00010000 y x M-B, (X-SPX, Y--SPY) 1/1 
Load Memory from A LMA(XY) 00100101 y x A-M, (X-SPX, Y-SPY) 1/1 
Load Memory from A LMAD d 01100303100 A>M 2/2 
dg dg d7 dg ds d4 d3 d2 d; do 
Load Memory from A, LMAIY(X) 0001031000 x A-~M, Y+1-Y (X-SPX) NZ 1/1 | 
Increment Y 
Load Memory from A, LMADY(X) 0011031000 x A-~M, Y-1-Y (X—SPX) NB 1/1 
Decrement Y 
Exchange Memory and A XMA(XY) 00100000 y x. MHA, (X-SPX, Y-SPY) 1/1 
Exchange Memory and A XMAD d 0110000000 MA /2 
dg dg d7 de ds dq d3 d2 d; do 
Exchange Memory and B XMB(XY) 00110000y x M-B, (X-SPX, Y-SPY) 1/1 


Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes each (example of LAM 
(XY) is given, below). 


Mnemonic y x Function 

LAM Oo 606—O 

LAMX Oo 1 X ++ SPX 

LAMY 1 ) Y ~ SPY 
LAMXY 1 1 X-SPX, Y~SPY 


(2) The instructions with (X) have 2 mnemonics and 2 object codes each (example of LMAIY 
(X) is given below). 


Nnemonic x Function 
LMAIY O 
LMAIYX 1 X — SPX 
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Table 19. Arithmetic Instructions 
















































































Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Add Immediate to A Ali 101 00 O ig ig iy i909 AtinA OVF 1/1 
Increment B. IB 0001001100 Bt1i->B NZ 1/1 
Decrement B DB 0011001111 B-1>B NB 1/1 
Decimal Adjust for Addition DAA 0010100110 1/1 
Decimal Adjust for Subtraction DAS 0010103101 0 1/1 
Negate A NEGA 0001100000 At+1-—-A 1/1 
Complement B COMB 0101000000 B-8B 1/1 
Rotate Right A with Carry ROTR 00103100000 1/1 _ 
Rotate Left A with Carry ROTL 001010000 1 1/1 
Set Carry SEC 001110111 1 +14-+CA 1/1 
Reset Carry REC 0011%101%100 0-CA 1/1 
Test Carry TC 00011011 1~=1 CA 1/1 
Add A to Memory AM 0000001000 M+tA-A OVF 1/1 
Add A to Memory AMD d 0100001000 M+tA~-A OVF 2/2 
dg dg d7 deg ds dq d3 d2 d; do 
Add A to Memory with Carry AMC 0000011000 M+A+CA-A OVF 1/1 
OVF-*CA 
Add A to Memory with Carry AMCD d 0100011000 M+A+CA-A OVF 2/2 
dg dg d7 dg ds dq d3 d2 d; dg OVF-CA 
Subtract A from Memory SMC 0010011000 M-A-CA-A NB 1/1 
with Carry NB--CA 
Subtract A from Memory SMCD d 0110011000 M-A-CA~A NB 2/2 
with Carry dg dg d7 de ds da d3 dg di do NB-CA 
OR A and B OR 0101000100 AUB-A 1/1 
AND Memory with A ANM 0010011100 AMMA NZ 1/1 
AND Memory with A ANMD d 01100311100 ANM:A NZ 2/2 
dg dg d7 deg ds da d3 d2 d; do 
OR Memory with A ORM 0000001100 AUM-A NZ 1/1 
OR Memory with A ORMD d 0100001100 AUM-A NZ 2/2 
dg dg d7 dg ds da d3 d2 dj do 
EOR Memory with A EORM 0000011100 A®M-+A NZ 1/1 
EOR Memory with A EORMD d | 0100011100 A®M-A NZ 2/2 


dg dg d7 dg ds da d3 d2 d; do 


Note: =: Logical AND 
U : Logical OR 
@ : Exclusive OR 
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Table 20. Compare Instructions 


Operation 


immediate Not Equal 
to Memory 


Immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory . 


B Not Equal to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


Immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


A Less or Equal to Immediate 


Mnemonic 


INEM i 
INEMD i,d 


ANEM 
AMEMD d 


BNEM 


YNEI i 


ILEM i 


ILEMD i,d 


ALEM 


ALEMD d 


BLEM 


ALE} i 


Operation Code 


0000 1 O ig ig iy 


0100 1 O ig i2 iy 


io 


io 


dg dg d7 de ds dg d3 do dd} do 


000000010 
010000010 


0 
0 


dg dg d7 dg ds d4 d3 do d1 do 


00010001 0 
0001 1 1 ig ig iy 


0000 1 1. ig ig i4 


0100 1 17 ig ig iy i 


dg dg d7 dg ds dq d3 d2 di do 


000001010 
010001010 


0 
0 


dg dg d7 dg ds dq d3 d2 d; do 


00110001 0 


101011 ig ip i; 


Table 21. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 


Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 


1132 


Ninemonic 
SEM n 


SEMD n,d 


REM n 


REMD n,d 


Tin 


TMD n,d 


Operation Code 


) 


io 


0010000 1 nm 1% 


01100001n 


No 


dg dg d7 dg ds d4 d3 d2 d; do 


00100010mn 


0110001 0n 


no 


no 


dg dg d7 dg ds dq d3 do d} do 


0010001 1n 


01100011 n 


i @) 


No 


dg dg d7 dg ds dag d3 do d; do 
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Function 


i# M 


isaM 


Function 
1 — M(n) 


1 — M(n) 


O —M(n) 


0 — M(n) 


Status 


NZ 
NZ 
NZ 


NZ 


NZ 


NB 
NB 


NB 


NB 


NB 


NB 


Status 


M(n) 


M(n) 
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Words/ 
Cycles 


1/1 
2/2 


1/1 
2/2 


1/1 
1/1 


1/1 
2/2 


1/1 


2/2 


1/1 


1/1 


Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


1/1 


2/2 
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Table 22. ROM Address Instructions 








Words / 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 be bs ba b3 b2 by bo 1 1/1 
Long Branch on Status 1 BRL u 0101 1 1 p3p2pi1 po 1 2/2 

dg dg d7 dg ds dq d3 d2 di do 
Long Jump Unconditionally JMPL u 010 1 0 1 p3p2pi po 2/2 
dg dg d7 dg ds dq d3 d2 dd do 
Subroutine Jump on Status 1 CAL a O 1 1 1 a5 a4 a3 a2 a1 AO 1 1/2 
Long Subroutine Jump on CALL u O10 1 1 O p3p2 pi po 1 2/2 
Status 1 dg dg d7 dg ds d4 d3 do di do 
Table Branch TBR p 0010 1 1 p3p2pi Po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 000001000 1 1 -I/E ST 1/3 
CA Restore 

Table 23. Input/Output Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete I/O Latch SED 001110010 0 1 - D(Y) 1/1 
Set Discrete 1/O Latch Direc SEDDm 101 11 0mmm m 1 -+ D(m) 1/1 
Reset Discrete 1/O Latch RED 00011001 0 0 O — D(Y) 1/1 
Reset Discrete !/O Latch Direct REDD m 1001 10O0mmm nm O -+ D(m) 1/1 
Test Discrete 1/O Latch TD 00131100000 D(Y) 1/1 
Test Discrete I/O Latch Direct TOD m 10101 0m mm m D(m) 1/1 
Load A from R Port Register LAR m 10010 1m mm no R(m) -~ A 1/1 
Load B from R Port Register LBRm 10010 O0mmm™ 70 R(m) ~ B 1/1 
Load R Port Register from A LRAm 10110 1mmm no A ~ R(m) 1/1 
Load R Port Register from B LRBm™m 101100mmm™ ™ B -+ R(m) 1/1 
Pattern Generation Pp O11 0 1 1 pg p2 pi Po 1/2 
Table 24. Control Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 1/1 
Standby Mode SBY 0101001100 1/1 
Stop Mode STOP 010100110 1 1/1 
Note: HD404919 has no serial interface, so STS (start serial) operates the same as NOP. 
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Table 25. Opcode Map 






| |Nor} XSP 
hel lb 


p(4) 








a 
oe : REMD n(2) 
—_be aa 


ate 
i 
K 


=e 
ss CAL a(6) 


LAMR m(4) BR b(8) 
Al i(4) 


ES | | || (es 9 fs | eee 
: 
Ps) 
3 
= 
SES 


[__}+-4-word/2-cycle [___}--1-word/3-cycle [ ]}--RAM Direct Address [__|--2-word/2-cycle 
instruction Instruction Instruction Instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 
























































Item Symbol Value Unit Note 
Supply Voltage Vec -0.3 to + 7.0 V 
Terminal Voltage Vr —0.3 to Vec + 0.3 - V 30 Ot” 
=Q.3 to:-+ 15 V 4 a 
Total Allowance of Input Current = lo 200 | | _ mA i 5 7 
Maximum Input Current ee 156 mA ag! 
35 mA 7, 10 
Maximum Ouiteut Current —lo 4 mA 8,9 
Total Allowance of Output Current —= lo 50 mA 6 
Operating Temperature Topr —20 to + 75 ‘G : 
Storage Temperature Tstg —55 to + 125 GC - 


Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 


2. All voltages are with respect to GND. 

3. Standard pins. 

4. High-voltage pins. 

5. Total allowance of input current is the total sum of input current which flows in from all 1/O 
pins to GND simultaneously. 

6. Total allowance of output current is the total sum of the output current which flows out from 
Vcc to all 1/O pins simultaneously. 

7. Maximum input current is the maximum amount of input current from each I/O pin to GND. 

8. Do—Dia, R3—R4, RO 

9. Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 

10. R1—-R2. 
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Electrical Characteristics 
DC Characteristics 


(Vcc = 4V to 6 V, GND = OV, Ta = —20°C to + 75°C) 


item Symbol Pin Min Typ Max Unit Test Condition Note 
Input High Vin RESET, 0.85 Vcc Veco + 0.3 V 
Voltage os 
INTo, 0.8 Vcc Ver + 0.3 OV 
INT 4 
OSC, Vec — 0.5 Ver + 0.3 V 
Voltage pais 
INTo, —~ 0.3 0.2 Vcc V 
INT; 
OSC; - 0.3 0.5 V 
Input/Output =| | RESET, 1 uA Vin = OV to Vec 1 
Leakage INTo, 
Current ~  INTy, 
OSC, 
Current lec Vec 6.5 mA Vcc = 5V; 2,5 
Dissipation in fose = 4 MHz, + 8 
Active Mode 
Current Ispy Vec 1.8 mA Vec = 5 V; 3,5 
Dissipation in fose = 4 MHz, + 8 
Standby Mode 
Current Istop Vec 10 HA Vin(TEST) = Vec - 0.3 Vto 4 
Dissipation in Vcc; Vcc, Vin(RESET) = 
Stop Mode OVto0.3 V 
Stop Mode Vstop Vec 2 V 


Retain Voltage 


Notes: 1. Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state, operation mode 
- RESET, TEST: Vcc 
* Do-Di4, RO-R4: Vcc voltage 
3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
- MCU in standby mode 
- Input/output in reset state 
* RESET: GND 
> TEST: Vec 
- Do-Dia, RO-R4: Vec voltage 
. Excluding pull-up MOS current. 
. When fose = X MHz, estimate the current dissipation as follows: 
Max value @ x MHz = x/4 x (max value @ 4 MHz) 





of 
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Input/Output Characteristics for Standard Use 
(Vcc =4V to 6V, GND=OV, T,= —20°C to +75°C) 














item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vin R1-R2 0.7Vcc Vec + 0.3 V 3 
Voltage SS 
Do-D14 4 
R3-R4 
Voltage SS 
Do-D14 4 
R3-R4 
Output High Vou Do-Di4 Vec - 1.0 V — lon = 1.0 mA 1 
Voltage R3-R4, RO 
Do-D14, Vec — 0.5 V — lon = 0.5 mA 1 
R3-R4, RO 
Output Low Vor Do-D14, 0.4 V lo. = 1.6 mA 
Voltage R3-R4, RO 
R1-R2 1.2 V Vec = 5V, Ilo. = 25 mA 3 
Input/Output ltl Do-Di4, 1 uA Vin = OV to Vcc 2 
Leakage Current R3-R4, RO 
R1-R2 20 
Pull-Up MOS —Ip Do-D14, 30 60 150 uA Vec = 5 V, Vin = OV 4 
Current R3-R4, RO 
Notes: 1. Applied to I/O pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to |/O pins without pull-up MOS mask option. 
4. With pull up MOS is selected by mask option. 
Input/Output Characteristics for High Voltage Use 
(Vcc =-4 V to 6 V, GND = OV, Ta=-—20° to + 75°C) 
item Symbol Pin Min Typ Max Unit Test Conditions Note 
Input High Vi Do-Di4, 0.7Vcc 12 V 1 
Voltage R3-R4 
Input Low Vit Do-D14, 0.3 0.3Vcc V L 
Voltage R3-R4 
Output High Vou Do-D14, 11.5 V 500 kO to 12V 1 
Voltage R3-R4, RO 
Output Low VoL Do-Di4, 0.4 V lo. = 1.6mA 1 
Voltage R3-R4, RO 
Input/Output un Do-D14, 1 uA Vin = OV to Vee 1 
Leakage R3-R4, RO 
Current 
Notes: 1. Applied to I/O pins without pull-up MOS by mask option. 
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AC Characteristics 


(Vcc = 4V to 6 V, GND = OV, Ta = —20°C to + 75°C) 


Test 
item Symbol Pin Min Typ Max Unit Conditions Note 
Oscillation Frequency — fgg, OSC, OSC2 0.4 8 9 MHz Divide by 8 
Instruction Cycle teve 0.89 1 20 “us 
Time 
Oscillator Stabiliza- tpc OSC, OSC2 20 ms 1 
tion Time 
External clock fep OSC; 0.4 8 9 MHz 2 
Frequency 
External Clock tcpH, OSC; AN ns Divide by 8 2 
High, Low tcp. 
Level Width 
External Clock Rise tcp, OSC, 15 ns 2 
Time 
External Clock Fall tcp, OSC, 15 ns 2 
Time 
Instruction teye 0.89 1 20 us 2 
cycle Time 
INTo High Level tion INTo 2 teyc 3 
Width 
INTo Low Level tio INTo 2 teyc 3 
Width 
INT, High Level tity INT, 2 ve 3 
Width 
INT, Low Level ti INT} 2 teyc 3 
Width 
Width 
Input Capacitance Cit All pins 15 pF f =1 MHz, 

Vin = OV 
RESET Fall Time trsTt 20 ms 4 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage 4 V after power-on, or after RESET goes high. At power-on or 
stop mode release, RESET must be kept high for at least trac. Since tac depends on the crystal 
or ceramic filter’s circuit constant and stray capacitance, please get the manufacturer's advice 
when designing the RESET circuit. (See figure 21.) 

. See figure 22. 

. See figure 23. 

. See figure 24. 


& WN 
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Ceramic filter oscillator 


Ceramic 
filter 


Ceramic filter: CSA8.OOMT (Murata) 
Re: TMQ + 20% 
Ci: 30 pF + 20% 
C2: 30 pF + 20% 





Figure 21. Oscillator Circuit 





tcPr tcprt 


Figure 22. Oscillator Timing 


tion, tin trot, the 





Figure 23. Interrupt Timing 





Figure 24. Reset Timing. 
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HD404919 Date of Order 
MASK OPTION LIST 
Customer 


ROM Code Name 


LSI Type Number 
(Hitachi's entry) 





1/O Option 
Please enter check marks in applicable items for |/O option selection. 


A: Without Pull-up MOS (NMOS Open Drain) B: With Pull-un MOS 
C: CMOS (not be used as Input) 


Input/Output 


Input/Output 



















1/O Option 





fo 





Input/Output 
Input/Output 
‘Input/Output 
Input/Output 


Input/Output 


SS 


Input/Output 


EEREEEEEe 
SS 


Input/Output 


SS 


Input/Output 


SS 


Input/Output 


SS 


Input/Output 


, awe | | 
R22 Input/Output | YY Y 


Note: I/O options masked by @ are not available. 
ROo 
Ld sro OD 
RO2 
RO3 oo BE BR 
re mowowmse | LL 
R14 
R12 
R30 Input/Output me 
al fl Cceccnann i A Oe 


SG 


Input/Output 


Input/Output 


LN 


Input/Output 


[= [ men Fete 
Eas 
re ae 
jowvourur | LT 
ere 
raz] |imowououe [|| 


Input/Output 


|, [rwwrowon | || 
*2 
R40 Input/Output oa 


Input/Output 


R42 Input/Output 


Input/Output 
Notes * 1. Means high current pins. 


* 2. Means high voltage pins only when “A” mask option is selected. 


Ps) 
as 
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ROM Code Media 


Please enter check mark (@, X, /) in applicable item. 


ROM Code Media 
[] EPROM: Emulator Type 


[] EPROM: EPROM On-Package Microcom- 
puter Type 


| APPLICATION CHECK LIST | 


Oscillator (CPG option) 







Please enter check mark (MM, X, \’) in applicable item. 


CPG [_] Ceramic Filter 
Option [} External Clock 
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Description 

The HD40P4919 CMOS 4-bit single-chip 
microcomputer in the HMCS400 series 
incorporates ROM, RAM, I/O, and timer/ 
counter and contain high-voltage I/O pins 
including high-current output pins. 


By modyfying the program in the EPROM, the 
HD40P4919 can be used for the evaluation of 
the HD40P4919 and HD404919 on for small- 
scale production. 





Features 


® 4-bit architecture 
@ Application to 8k, 16k words x 10 bits of 
EPROM 
8192 words xX 10 bits 
16384 words x 10 bits 
@® 992 digits of 4-bit RAM 
@® 3511/0 pins, including 27 high-voltage I/O 
pins (12 V max) 
@ Timer/counter 
—11-bit prescaler 
—8-bit auto-reload timer/event counter 
(timer B) 
® Three interrupt sources 
—External: 2 
—Timer/counter: 1 
@® Subroutine stack 
—Up to 16 levels including interrupts 
@ Minimum instruction execution time: 
0.89us 
@ Low power dissipation modes 
—Standby: Stops instruction execution 
while allowing clock oscillation and 
interrupt functions to operate 
—Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 
@ On-chip oscillator 
—Ceramic filter 
External Clock input 
@® Standard 42-pin dual in-line ceramic 
package 
@® Instruction set compatible with 
HD404918/HD404919; 100 instructions 
@® High programming efficiency with 10-bit/ 
word ROM: 78 single-word instructions 
@ Direct branch to all RAM areas 
@ Direct or indirect addressing of all RAM 
areas 
@ Subroutine nesting up to 16 levels includ- 
ing interrupts 
@ Binary and BCD arithmetic operations 
@® Powerful logical arithmetic operations 
@ Pattern generation/table lookup capabil- 
ity 
@ Bit manipulation for both RAM and I/O 


| .-HIN27C256 


—Preliminary— 


Pin Arrangement 


GND 


RO, 
RO, 
RO; 
Ro 
R1, 
R12 
Ai3 
R2 
R2, 
R22 
R23 
R30 
R3, 
R32/INTo 
R33/INT; 
Vec 


(DC-42P) 
(Top View) 





Program Development Support Tools 


® Cross assembler and simulator software for 
use with IBM PCs and compatibles 


@® In circuit emulator for use with IBM PC 


Recommended Application EPROM 
Program fosc EPROM 

Type No. Memory Capacity (MHz) Type No. 

HD40P4919 8192 words 4 HN27C256G20 

HN27C256H85 

HN27C256G20 


8 
16384 words 4 
8 HN27C256H85 
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Block Diagram 


R33 / R32/ 
INT, INTo Vec 


RESET TEST OSC,OSC2 { 


TIMER EXTERNAL SYSTEM CONTROL 
B INTERRUPT 
C=) 


Dee am 


RAM 992 x 4bit SP 


meee (HN27C256) 


Lower Oo a O4 
(5 bits) 


Cate 


as eas geet eee ee ee ae ee) eo a ee as 


43009030 
NOILONUYLSNI 


Fe eB Be 


ii 1 
R43R42 R4, R4otlR33/R32/R31R39) R23R22R2;R20 R13R12R1;R19 'ROZRO2RO,ROo: 
joe se en Sch 
y INT, INTo 


| High voltage pins (+ 12V) 
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Pin Description 
GND, Vcc (Power Supply) 


GND and Vcc are the power supply pins for 
the MCU. Connect the GND to the :ground (0 
V) and apply the Vcc power supply voltage to 
the Vcc pin. 


TEST (Test) 
TEST is for test purposes only. Connect it to Vcc. 
RESET (Reset) 


RESET resets the MCU. For details, see Reset 


om den oe 
SOCvUvLVAL. 


OSCi, OSC2 (Oscillator Connections) 


OSC; and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
ceramic filter resonator, or external oscillator 
circuits. For details, see Internal Oscillator 
Circuit section. 


Do— Dia (D Port) 


The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to Dig are high-voltage pins. The 
circuit type for each pin can be selected using 
a mask option. For details, see Input/Output 
section. 


ROo—RO3, Rilo—Ri1sz, R20—R23, R30—R33, 
R40—R43 (R Ports) 


RO to R4 are 4-bit I/O ports. RO is an output 
port, and R1 to R4 are I/O ports. RO, R3,and R4 
are lhigh-voitage ports, and Ri and KZ are 
high current ports. Each pin has a mask 
option which selects its circuit type. The pins 
R32, R33 of port R3 are multiplexed with INTo 
and INT; respectively. For details, see Input/ 
Output section. 


INTo, INT: (Interrupts) 


INTo and INTj are external interrupts for the 
MCU. INT: can be used as an external event 
input pin for timer B. INTo and INT; are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 
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Functional Description 
ROM Memory Map 


The MCU includes 16384 words x 10 bits of 
ROM. ROM is described in the following par- 
agraphs and the ROM memory map (figure 1). 


Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start- 
ing address of the initialization program and 
of the interrupt service programs. After a 
reset or interrupt routine is serviced, the 
program is executed from the vector address. 


EPROM Address 


bit4 , bit3 , bit2 , bit! , bitd 
bit6 — bitd 


-bit9 | bit8  bit7 


Vector Address 


Zero-Page Subroutine - 
(64 Words) 


Pattern 
(4096 Words) 


Program 
(16384 Words) 


Not used 
(Set to 111) 
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Zero-Page Subroutine Area (S0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 


Pattern Area ($0000 to SOFFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 


Program Area ($0000 to S3FFF): Loca- 


tions from $0000 to $3FFF can be used for 
program code. 


MCU ROM Address 


Lower 5 bit 
Upper 5 bit 


JMPL Instruction 
‘(Jump to RESET Routine) 
JMPL Instruction 

(Jump to INTg Routine) 


_$ OOOF JMPL Instruction 
$0010 (Jump to INT, Routine) 


JMPL Instruction 
(Jump to TIMER B Routine) | $ 0009 


Tsoo00 


Figure 1. EPROM Memory Map 
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RAM Memory Map 


The MCU includes 992 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func- 
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 


Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 


used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 


RAM-Mapped Registers 


Memory Registers (MR) 


Data 


(928 Digits) 


Stack 
(64 Digits) 


However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 


Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter- 
rupt, and the timer/counter. These registers 
are classified into three types: write-only, 
read-only, and read/write as shown in figure 
2. These registers cannot be accessed by 
RAM bit manipulation instructions. 


Interrupt Control Bits 


Not Used 


Timer Mode Register B (TMB)! W {$009 


. (TCBL/TLRL):! R/W |S00A 
Timer B 
(Note) (TCBU/TLRU): R/W |$O00B 


Note: Two registers are mapped on same address. 


R: Read Only 
W: Write Only 
R/W: Read/Write 


(TCBL) 


Timer/Event Counter B Lower: R Timer Load Reg. Lower : 
| (TLRL) , 





: W 
W 


Timer Load Reg. Upper : 
(TLRU) 


Figure 2. RAM Memory Map 
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Data Area (S020 to S3BF): 16 digits, $020 
through $02F, in the data area are called 
memory registers (MR) and are accessible by 
LAMR and XMRA instructions (figure 4). 


Stack Area ($3C0 to $3FF): Locations $3C0 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su- 


IMO IFO 
(IM of INTo) (IF of INTo) 


Not Used Not Used 


Not Used Not Used 


Interrupt Request Flag 
Interrupt Mask 
Interrupt Enable Flag 
Stack Pointer 
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broutine calls (CAL-instruction, CALL- 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc- 
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 


RSP (W/E 
(Reset SP Bit) 


(Interrupt Enable Flag) 


IM1 IF 1 
(IM of INT}) (IF of INT;) 


IMTB 
(IM of Timer B) 


IFTB 
(1F of Timer B) 





Not Used Not Used 


Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/ 
REMD instruction, and is tested by the TM/TMD instruction. They are not affected by other instruc- 
tions. Furthermore the interrupt request flag is not affected by the SEM/SEMD instruction. 

The content of status becomes invalid when “Not Used” bits or the RSP bit are tested by a TM or TMD 


instruction. 





Figure 3. 


Memory Registers Stack Area 


Level 16 {$3CO 


Level 15 
Level 14 


Level 13 
Level 12 


Level 11 


Level 10 


Level 3 


Level 2 
Level 1 





Interrupt Control Bit Area Configuration 


PC13 to PCo: Program Counter 
ST: Status 
CA: Carry 


bit 2 bit 1 





Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 


The MCU has nine registers and two flags for 
CPU operations (figure 5). 


Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis- 
ters. 


W Register (W), X Register (X), Y Regis- 
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. 


SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY assist the X 
and Y registers respectively. 


Carry (CA): The carry (CA) stores the over- 
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 


During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 


Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 


test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic- 
ing, status is pushed onto the stack and res- 
tored back from the stack by a RTNI instruc- 
tion, but not by a RTN instruction. 


Program Counter (PC): The program 
counter is a 14-bit binary counter which con- 
trols the sequence in which the instructions 
stored in ROM are executed. 


Stack Pointer (SP): The stack pointer (SP) is 
used to point to the address of the next 
stacking area (up to 16 levels). 


The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in- 
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 


The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 





iG 


G) 


O 


; 


OO 


¢%) 





Accumulator 


io) 


B Register 


— 
OO 


WwW W Register 


le 


X Register 


Y Register 


SPX Register 


SPY Register 


Carry Flag 
Status Flag 


Program Counter 


Stack Pointer 





Figure 5. Registers and Flags 
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Interrupt 


Three interrupt sources are available on the 
MCU: external requests (INTo, INT:), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM), and interrupt vector addresses are pro- 
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control interrupt operations. 


Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 


Table 1. Vector Addresses and Inter- 
rupt Priority 


Reset, Interrupt Priority Vector addresses 


RESET — $0000 
INTo 1 $0002 
INT 2 $0004 
Timer B 3 $0008 





IMTB 
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mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 


Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 


Table 2. Conditions of Interrupt Service 


Interrupt Control Bit INTo INT; Timer B 
I/E 1 1 1 

IFO-IMO 1 O Oo 
[F1-IM1 * 1 0 
IFTB-IMTB * x 1 


Notes: Don't care 


Sequence 
Control 

-Push PC/CA/ST 
‘Reset 1/E 

‘Jump to Vector 
Address 


Vector Address 
Priority Control PLA 


Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is O. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 


Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after the MCU jumps to the 
vector address. 


In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 


Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 


External Interrupts (INTo, INT:): The 


external interrupt request inputs (INTo, INT:) 
can be selected by the port mode register 


Tabie 3. Interrupt Enable Flag 


Interrupt Enable Flag Interrupt Enable/Disable 





(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT; pin and R32/INTo pin to be 
used as INT; pin and INT» pin respectively. 


The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT; 
inputs. (Refer to table 4.) 


The INT; input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT; input. When 
INT; is useal as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT: will not be 
accepted. (Refer to table 5.) 

External Interrupt Request Flags (IF0: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT: inputs 
respectively. 


External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 


Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/ INTp pin, and R33/ 
INT: pin as shown in table 6. The port mode 
register will be initialized to $0 by MCU reset. 
These pins are therefore initially used as 
ports. 


Table 5. External Interrupt Mask 


External Interrupt Masks Interrupt Requests 


0) Disable 0 | Enable 
1 Enable 1 Disable (masks) 
Table 4. External Interrupt Request Table 6. Port Mode Register 
Flag 
PMR3 R33/INT, Pin 
Ex Int Req Fiags Interrupt Requests 
0 Used as R33 port input/output pin 
0 No nes 
i = 1 Used as INT, input pin 
1 Yes 
PMR2 R32/INTo Pin 
O Used as R32 port input/output pin 
1 Used as INTo input pin 
HITACHI 
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Instruction 
Cycles 


Instruction 
execution 


Interrupt Stacking, Stacking, 


accepted Reset of 1/E Vector address 
is generated 


JMPL instruction execution on the 
vector address 


Instruction 
execution at 
starting address 
of the interrupt 
routine 





Figure 7. Interrupt Servicing Sequence 
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No 






(A) 






Execute 
Instruction 


PC <— (PC)+1 








Interrupt 
Accept 


Reset MCU 










1/E<-O 
Stack <— (PC) 
Stack <— (CA) 
Stack < (ST) 








INTo 


Interrupt 
? 


PC <— $0002 
PC — $0004 


PC < $0008 






No 


(Timer B Interrupt) 


Figure 8. Interrupt Servicing Flowchart 
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Timer 


The MCU contains a prescaler and a timer/ 
counter (timer B, figure 9) whose functions 
are the same as HMCS404C's. The prescaler is 
an 11-bit binary counter, and timer B is an 8- 
bit auto-reload timer/ event counter. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig- 
nals to timer B. The prescaler divide ratio is 
selected by the timer mode register B (TMB). 


Timer B Operation: The timer mode regis- 
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres- 
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT; as INT; and 
set the external interrupt mask (IM1) to pre- 
vent an external interrupt request from oc- 
curring. 


Timer B is initialized according to the data 
written into the timer load register by soft- 
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto- 
reload function is selected timer B is initial- 
ized according to the value of the timer load 
register. If it is nat selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 


Timer Mode Register B 


TMB (4 bit) 


Timer B MPX 


Prescaler (11 bit) 
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Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write- 
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 7. The timer mode register B is initial- 
ized to $0 by MCU reset. 


The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 
TMB are changed. Configuration and function 
of timer mode register B is shown in figure 10. 


Timer B (TCBL: SOO0A, TCBU: SOOB, TLRL: 
$O00A, TLRU: SOOB): Timer B consists of an 8- 
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$O0A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 


The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 


The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched when the high-or- 
der digit is read. 


Internal Bus Line (S1) 
TL (4 bit) 
Timer Latch 


TCB (8 bit) TBOF 


Timer/Event Counter B IFTB 


TLR (8 bit) 
Timer Load Register 


Interrupt 
Request Flag 
of Timer B 


internal Bus Line (S2) 





Figure 9. Timer Block Diagram 
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Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 8). 


Table 7. Timer Mode Register B 


TMB3 Auto-reload Function 
O No 
1 Yes 


Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 


0 0 O + 2048 
0 0 1 = 512 
0 1 0 = 128 
0 1 1 = 32 
1 6) 0 = 8 
1 0 1 = 4 
1 1 0 = 2 


INT, (External Event Input) 


PMR: $004 


mE DX 


TMB: $009 


TMB3 | TMB2 | TMB1 | TMBO 
can ERE 


Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 9). 


Timer B Interrupt Request 
Flag 


Table 8. 


Timer B Interrupt 


Request Flag interrupt Request 
6) No 
1 Yes 


Table 9. Timer B Interrupt Mask 
Timer B Interrupt Mask Interrupt Request 
0 Enable 

1 Disable (Mask) 


R32/INTo pin mode selection 


R33/INT1 pin mode selection 


ae Timer B input clock selection 


Auto-reload function selection 





Figure 10. Mode Register Configuration and Function 
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Input/Output 


The MCU has 35 I/O pins, 8 standard and 27 
high voltage. The R1 and R2 port are high 
voltage pin. 


When any input/output pin is used as an 
input pin, the mask option and output data 
must be selected as follows : when inputting, 
the Input Pin State should be high. 


D Port: The D I/O port has 15 discrete I/O 
pins, each of which can be addressed in- 
dependently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc- 
tions. See table 10 for the I/O pin circuit types. 


R Ports: The six R ports are composed of 16 
I/O pins, 4 output-only pins. Data is input 
through LAR and LBR instructions and out- 
put through LRA and LRB instructions. The 
MCU is not be affected when the input-only 
and/or non-existing ports are written into, 
while invalid data will be read from the 
output-only and/or non-existing ports. 


The R32 and R33 pins are multiplexed with 
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the INTo and INT: pins respectively. See table 
10 for the selectable circuit types for these 
I/O pins. ra 


Unused I/O Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 


High-voitage: select “without pull-up MOS” 
(NMOS open drain) via mask option and 
connect to Vcc on the printed circuit board. 


Standard: select “without pull-up MOS” 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 


Reset 


Bringing the RESET pin high resets the MCU. 
At power-on, or when stop mode, is can 
called the reset must satisfy trc for the oscil- 
lator to stabilize. In all other cases, at least 
two instructions cycles are required for the 
MCU to be reset. 


Table 11 shows the parts initialized by MCU 
reset, and the status of each. 
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Table 10. I/O Pin Circuit Types 


Without Pull-Up MOS (NMOS Open Drain) (A) Applicable Pins 


Input 
data 


HLT 


High Currant 


Without Pull-Up MOS (NMOS Open Drain) (A) Applicable Pins 
















High Current Available aa 
High Voltage Not available fo 


Without Pull-Up MOS (NMOS Open Drain) (A) Applicable Pins 










Output 
Pins 












High Current Not available ae 
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Table 11. Initial Value After MCU Reset 
Initial Value by 
Items MCU Reset 
Program Counter (PC) $0000 
Status (ST) 1 
Stack Pointer (SP) $S3FF 
1/0 Pin (A) Without Pull-Up MOS 1 
Output Register 
(B) With Pull-Up MOS 1 
(C) CMOS 1 
Interrupt Flag Interrupt Enable Flag (1/E) 0 
Interrupt Request Flag (IF) 0 
Interrupt Mask (IM) 1 
Mode Register Port Mode Register (PMR) 0000 
Timer Mode Register B (TMB) OOOO 
Timer/Counter Prescalet $000 
Timer/Event Counter B (TCB) $00 
“a ifiek Load Register (TLR) $00 


Note: MCU reset affects the rest of registers an follows: 


After Recovering from Stop 
Mode by MCU Reset 











item 
Carry (CA) 
Accumulator (A) Shines 
se ies S Sate ef ee ee it is necessary to initialize them by 
B Register (B) 
W Register (W) 
X/SPX Registers (X/SPX) 
Y/SPY Registers (Y/SPY) 





RAM 


The contents of the items before 
MCU reset are not retained. 


software. 
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Contents 


Execute program from the top of ROM 
address 


Enable branch with conditional branch 


instructions 
Stack level is O 


Enable input 


Enable input 





Inhibit all interrupts 
No interrupt request 
Mask interrupt request 
See port mode register 


See timer mode register B 


After MCU Reset 
(Non-Stop-Mode) 

The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them by 
software. 


The contents of RAM _ before 


MCU reset (just before STOP 
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Internal Oscillator Circuit 


Figure 11 outlines the internal oscillator cir- the ceramic filter. In this cases, external clock 
cuit. In addition, see figure 12 for the layout of operation is available. 


Divider 


Circuit System 


yv ih oF | atsci clock 
1/8 circuit 





Figure 11. Internal Oscillator Circuit 


WOK 


Figure 12. Layout of Ceramic Filter 
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Table 12. Examples of Oscillator Circuits 


External Oscillator 
Clock 
Operation OSC 





Open—1OSC2 


Ceramic Ceramic filter 
Filter age CSA 8.00MT (Murata) 
Oscillator filter 

Re: 1 MQ + 20% 

C1: 30 pF + 20% 

C2: 30 pF + 20% 





Notes: 1. For the ceramic filter resonator, the upper circuit parameters are recommended by the ceramic 
filter maker. Ceramic filter resonator, and the floating capacitance change circuit parameters 
in designing the board. In designig the resonator, please consult with the engineers of the 

_ ceramic filter maker to determine the circuit parameters. 
2. Wiring between OSC;, OSC2, and elements should be as short as possible, and never cross 
other wires. Refer to the layout of ceramic filter (figure 12). 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 1159 





HD40P4919 





Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
13). Figure 13 is a mode transition diagram for 
these modes. 


Standby Mode: Executing an SBY instruc- 


tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 





Table 13. Low Power Dissipation Mode 





Condition Standby Mode 
Instruction SBY instruction 
Oscillator circuit Active 
Instruction execution Stopped 
Register, flag Retained 
Interrupt function Active 

RAM Retained 


input/output pins 
Timer/counter Active 


Recovery method 


Retained (note 2) 


RESET input, interrupt request 


Stop Mode 
STOP instruction 
Stopped 
Stopped 

Reset (note 1) 
Stopped 
Retained 

High impedance 
Stopped 

RESET input 


Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 11 for the contents of flags 


and registers. 


2. As I/O circuits are active, an |/O current may flow in standby mode, depending on the state 
of the I/O pins. This is an additional current added to the standby mode current dissipation. 


1 


Standby 


— 
Lu 
Y) 
uJ 
c 


=0 


RESET 





Figure 13. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction. execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
- instruction. 


Figure 14 shows the flowchart of the standby 
mode. 


Oscillator active 
Peripheral clocks 
active 

All other clocks 
stop 


S> 
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Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 


Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 15, reset 
input must be applied at least to trc for oscil- 
lation to stabilize. (Refer to AC Characteris- 
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y/SPY registers, and car- 
ry may not retain their contents. 


o> 
nae 


Restart 
processor clocks 
Yes 
Interrupt 
accept 


Figure 14. MCU Standby Mode Operation Flowchart 
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Reset MCU 


Execute 
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RAM Addressing Mode 


As shown in figure 16, the MCU has three 
RAM addressing modes: register indirect ad- 

- dressing, direct addressing, and memory reg- 
ister addressing. 


‘Register Indirect Addressing: The W reg- 
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 


ROM Addressing Mode and P Instruc- 
tions | 


The MCU has four ROM addressing modes, as 
shown in figure 17. 


Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with 14-bit 
immediate data. 


Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad- 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC, to PC) 
with the 8-bit immediate data. 


jk} ——eror—+| 
oseietor TTA _ Aro 
AISI 
Internal clock. 


When BR is on a page boundary (256n + 255) 
(figure 18), executing a BR instruction trans- 
fers the PC contents to the next page 
because of the hardware architecture. Con- 
sequently, the program branches to the next 
page when the BR is used on a page bound- 
ary. The HMCS400 series cross macro assem- 
bler has an automatic paging facility for ROM 
pages. 


Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are nlaced in the low- ordcr six bits of 
the program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PCi3 to 
PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 


P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 19). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the Ri and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the R1 and R2 port output register at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 


RESET 
| tres | 


STOP instruction execution 


(more than stabilization time: trc) 





Figure 15. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 
fs SN Oe ee ae NA ne ee ae = = = N 


Register Indirect Addressing 


Instruction 1st Word Instruction 2nd Word 


Gee ee a ry 


Direct Addressing 


Instruction 


RAM Address 


Memory Register Addressing 





Figure 16. RAM Addressing Mode 
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(JMPL) 
(BRL) 


(CALL) 


Instruction 1st Word Instruction 2nd Word 


| Opcode | P2 pi Ppof{ds ds dz de ds ds ds d2 di do 


Program Counter |PC13 PC12 PCi1 PCi0 PCs PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 





Direct Addressing 


Instruction 


SSS SS SS SS 
b> be bs ba bs b2 bi bo 


Program Counter |PC13 PC12 PC11 PCio PCa PCa PC7 PCe PCs PCs PC3 PC2 PC: PCo 








Current Page Addressing 


Instruction 





Program Counter |PC13PC12PC11 PCio PCa PCs PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Zero Page Addressing 


instruction 








Accumulator 





A3 





Az Ai Ao 





Table Data Addressing 


Figure 17. ROM Addressing Mode 
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256(n — 1) + 255 
256n 


256n + 254 
256n + 255 
256(n + 1) 


BBB NOP 





Figure 18. BR Instruction Branch Destination on Page Boundary 


Instruction 


Opcode 
Bog eg tae B Register Accumulator 


Bo2 B 


Referred ROM Address {RAi3 RAi2 RA1:RAia0RAs RAs RA7 RAs RAs RAs RAs RAz2 RA: RAo 


Address Designation 


ROs ROs RO7 ROs ROs RO« RO3s RO2 RO: ROo 


Accumulator, B Register}B3; B2 B: Bol As Az2 Ai Ao If ROs=1 


i 
RO9 ROg RO7 ROs ROs ROs RO3zs RO2 RO: ROo 


Output Register R1, R2 | R23 R22 R21 R20|R13 Riz R11 Rilo If ROo=1 





Figure 19. P Instruction 
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Instruction Set 


The HD404919 provides 100 instructions 


which are classified into 10 groups as follows; 


Immediate instruction 


RAM address instruction 
RAM register instruction 
Arithmetic instruction 


PON Pe 


Register-to-register instruction 


eos oS 


1 


Compare instruction 

RAM bit manipulation instruction 
ROM address instruction 
Input/output instruction 

Control instruction 


Tables 14-23 list their functions, and table 24 
is an opcode map. 





Table 14. Immediate Instructions 





Werds; 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI i 1000 1 1 ig ig i1 ig it~ A 1/1 
Load B from Immediate LBI i 1000 0 O ig ig it ip i> B 1/1 
Load Memory from LMID i,d O11 01 O ig ig iy in 1 > M 2/2 
Immediate dg dg d7 de ds dq d3 do d} do 
Load Memory from LMIY i 101 0 0 1 ig i2 1 i9 I-M, Y+1-Y NZ 1/1 
Immediate, Increment Y 
Table 15. Register-to-Register Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB 0001001000 B-A 1/1 
Load B from A LBA 0011001000 A~B 1/1 
Load A from W LAW a aa ag: ee Ae 
Load A from Y LAY 0010101111 YA 1/1 
Load A from SPX LASPX 0001101000 SPX +A 1/1 
Load A from SPY LASPY 00010311000 SPY +A 1/1 
Load A from MR LAMR m 1001 1 1mmmm MRi(m)-A 1/1 
chekenge MR and A XMRA m 101 1 1 1 mmmm MR(m)-A 1/1 


Note :An operand is provided for the second word of LAW and LWA instruction by the assembler 


automatically. 
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Table 16. RAM Address Instructions 


Operation 


Load W from A 


Load X from A 


Increment Y 





Decrement Y 


Add A to Y 











Words/ 
Cycles 


1/1 
1/1 
1/1 


2/2 
(Note) 


1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


Mnemonic Operation Code Function Status 
Load W from Immediate LWI i 00111100 i i9 t>W 
Load X from Immediate LX] i 1000 1 O ig ig i1 ip t~X 
Load Y from Immediate LY! i 1000 0 1 i3 ig i4 ip i> Y 
WA 9000000000 4-™ 
LXA 0011101000 A~+xX 
Load Y from A LYA 00110311000 AY 
lY 00010113100 Y+1 +Y NZ 
DY OF Oi AE SOC Ae he" a ae NB 
AYY 00010103100 YtA-Y OVF 
Subtract A from Y SYY 0011010100 Y-A--¥ NB 
Exchange X and SPX XSPX 0000000001 X-+ SPX 
Exchange Y and SPY XSPY 0000000010 Y-+ SPY 
Exchange X and SPX,Y XSPXY 00000000 1 1 X-SPX, Y-SPY 


and SPY 


Note: An operand is provided for the second word 
automatically. 
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Table 17. RAM Register Instructions 


Operation 
Load A from Memory 


Load A from Memory 


Load B from Memory 
Load Memory from A 


Load Memory from A 


load Memory fram A, 
Increment Y 
Load Memory from A, 
Decrement Y 


Exchange Memory and A 


Exchange Memory and A 


Exchange Memory and B 


Mnemonic 
LAM(XY) 


LAMD d 


LBM(XY) 
LMA(XY) 


LMAD d 


Matta 


LMADY(X) 


XMA(XY) 


XMAD d 


XMB(XY) 


Operation Code 


00100100yx 


01100310000 
dg dg d7 dg ds dq d3 d2 d; do 


00010000 y x 
00100101 y x 


011003103100 
dg dg d7 dg ds dq d3 d2 d; do 


a4 Nn 4A Nn NAN -. 
ecco 1G ti Oo 8 KX 


001101000 ‘x 


00100000 y x 


0110000000 
dg dg d7 de ds da d3 do di do 


00110000 y x 


Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes each (example of LAM 


(XY) is given, below). . 


Mnemonic 
LAM 
LAMX 
LAMY 
LAMXY 


y 
0 
0 
1 
1 


x 


0 


Function 


X ~~ SPX 
Y¥ = SPY 
X-+SPX, Y-~SPY 


Function 

M—A, (X—SPX, Y-SPY) 
M-A 

MB, (X-SPX, Y--SPY) 
A—M, (X-SPX, Y-SPY) 
A-WM 

AM, Yi (K-SexX) NZ 


A--M, Y-—1-+¥ (X-SPX) NB 


MA, (X—SPX, Y~SPY) 


M-A 


M-—B, (X—-SPX, Y~SPY) 


Status 


Words/ 
Cycles 


1/1 
2/2 


1/1 
1/1 
2/2 


1/1 


1/1 


2/2 


1/1 


(2) The instructions with (X) have 2 mnemonics and 2 object codes each (example of LMAIY 
(X) is given below). 


Nnemonic 
LMAIY 
LMAIYX 
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x 
0 
1 


Function 


X + SPX 
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Table 18. Arithmetic Instructions 














Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Add Immediate to A Ali 101 0 0 O ig i2 11 ip AtinA OVF 1/1 
Increment B. iB 0001001100 B+1->8 NZ 1/1 
Decrement B DB 00110031131 1 %B-1-+8 NB 1/1 
Decimal Adjust for Addition DAA 0010100110 1/1 
Decimal Adjust for Subtraction DAS 00101031010 1/1 
Negate A NEGA 0001100000 At1-A 1/1 
Complement B come 0101000000 B=-B 1/1 
Rotate Right A with Carry ROTR 0010100000 1/1 _ 
Rotate Left A with Carry ROTL 0010100001 1/1 
Set Carry SEC 0011101111 +1 +CA 1/1 
Reset Carry REC 0011101100 0-+CA 1/1 
Test Carry TC 0001101111 CA 1/1 
Add A to Memory AM 0000001000 MtA~A OVE 1/1 
Add A to Memory AMD d 0100001000 MtA-A OVF 2/2 
dg dg d7 dg ds dq d3 d2 d; do 
Add A to Memory with Carry AMC 0000011000 M+tA+CA~A OVF 1/1 
OVF--CA 
Add A to Memory with Carry AMCD d 0100011000 M+tA+CA+A OVF 2/2 
dg dg d7 dg ds da d3 dz d; do OVF~CA 
Subtract A from Memory SMC 0010011000 M-A-CA-*A NB ast 
with Carry NB +-CA 
Subtract A from Memory SMCD.d 0110011000 M-A-CA~A NB 2/2 
with Carry dg dg d7 dg ds dg d3 dz d; do NB -CA 
OR A and B OR 0101000100 AUB-A 1/1 
AND Memory with A ANM 0010011100 ANM=-A NZ 1/1 
AND Memory with A ANMD d 0110011100 ANM:A NZ 2/2 
dg dg d7 dg ds dq d3 d2 d; do 
OR Memory with A ORM 0000001100 AUM+A NZ 1/1 
OR Memory with A ORMD d 0100001100 AUM<A NZ 2/2 
dg dg d7 de ds dg d3 d2 dy do 
EOR Memory with A EORM 0000011100 A®M-A NZ 1/1 
EOR Memory with A EORMD d 0100011100 A®M-A NZ 2/2 


dg dg d7 dg ds dg d3 do d} do 





Note: MM: Logical AND 
U : Logical OR 
® : Exclusive OR 
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Table 19. Compare Instructions 


Operation 


Immediate Not Equal 
to Memory 


Immediate Not Equal 
to Memory 


A Not Equal to Memory 


A Not Equal to Memory 


B Not Equa! to Memory 
Y Not Equal to Immediate 


Immediate Less or Equal 
to Memory 


Immediate Less or Equal 
to Memory 


A Less or Equal to Memory 


A Less or Equal to Memory 


B Less or Equal to Memory 


INEM i 
INEMD i,d 


ANEM 


AMEMD d 


BNEM 
YNEI i 


ILEM i 
ILEMD i,d 


ALEM 


ALEMD d 


BLEM 


A Less or Equal to Immediate ALEI i 


Operation Code 


00001 0 ig io i; 


0100 1 O ig ig i 


io 


dg dg d7 dg ds dq d3 d2 d1 do 


00000001 0 


010000010 
dg dg d7 dg ds d4 d3 d2 d} 


000100010 
0001 1 1 ig i2 i 


00001 1 ig iz iy 


0100 1 1 ig i2 iy i 


dg dg d7 dg ds dq d3 d2 dj 


00000101 0 


010001010 
dg dg d7 de ds dg d3 do dy 
001100010 


10101 1 ig tg i 


Table 20. RAM Bit Manipulation Instructions 


Operation 
Set Memory Bit 


Set Memory Bit 


Reset Memory Bit 


Reset Memory Bit 


Test Memory Bit 


Test Memory Bit 


Mnemonic 


SEM n 


SEMD n,d 


REM n 


REMD n,d 


TM n 


TMD n,d 


Operation Code 
0010000 1mn 


0110000 1n 
dg dg d7 dg ds dq d3 do d1 


00100010n 


01100010n 
dg dg d7 dg ds dq d3 do di) 


001 00011n 


0110001 1m 


0 


O 
do 


do 
0 


0 
do 


0 


io 


No 


no 
do 


No 


no 
do 


No 


No 


dg dg d7 dg ds dq d3 do di do 
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Function 


ix M 


i#zM 


A#+M 


A+#M 


> 
IA 


> 
lA 


Function 
1 -+ M(n) 


1 -+ M(n) 


0 +M(n) 


O -+ M(n) 


Status 


NZ 
NZ 


NZ 
NZ 


NZ 
NZ 


NB 
NB 


NB 
NB 


NB 


NB 


Status 


M(n) 


M(n) 
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Words/ 
Cycles 


1/1 


2/2 


1/1 


2/2 


1/1 


1/1 


2/2 


1/1 


2/2 


1/1 


1/1 


Words/ 
Cycles 


1/1 


2/2 


1/1 


~ 2/2 


1/1 


2/2 
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Table 21. ROM Address Instructions 










































































Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 be bs bg b3 b2 by bo 1 1/1 
Long Branch on Status 1 BRL u 010 1 1 1 p3p2pi1 Po 1 2/2 

dg dg d7 dg ds d4 d3 d2 d; do 
Long Jump Unconditionally JMPL u 0101 0 1 p3p2Ppi Po 2/2 
dg dg d7 dg ds dq d3 d2 dj do 
Subroutine Jump on Status 1 CAL a QO 1 1 #1 a5 aq a3 a2 aj ao 1 1/2 
Long Subroutine Jump on CALL u 0101 1 0 p3p2 Pi po 1 2/2 
Status 1 dg dg d7 dg ds dq d3 d2 d; do 
Table Branch TBR p 00 10 1 1 p3p2 pi po 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 000001000 1 1 +I/E ST 1/3 
CA Restore 

Table 22. Input/Output Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete 1/O Latch SED 0011411001 0 0 1 ~ D(Y) 1/1 
Set Discrete |/O Latch Direc SEDD m 10111 0mmm rm 1 + D(m) 1/1 
Reset Discrete !/O Latch RED 0001100 1 0 0 O + D{(Y) 1/1 
Reset Discrete 1/O Latch Direct REDD m 1001 1 0mmm QO + D(m) 1/1 
Test Discrete 1/O Latch TD 0011100 0 0 0 D(Y) 1/1 
Test Discrete 1/O Latch Direct TDD m 10101 O0mmm mM D(m) 1/1 
Load A from R Port Register LAR m 10010 1 mmm 1M R(m) +A 1/1 
Load B from R Port Register LBRm 10010 0mmm™ nn R(m) +B 1/1 
Load R Port Register from A LRAm 101 10 1m mm rm A + Rim) 1/1 
Load R Port Register from B LRBm 101 100m mm Mm B + R(m) 1/1 
Pattern Generation Pp 0110 1 1 p3 p2 pi Po 1/2 
Table 23. Control Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 1/1 
Standby Mode SBY 0101001100 1/1 
Stop Mode STOP 01010031101 1/1 


Note: HD404919 has no serial interface, so STS (start serial) operates the same as NOP. 
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Table 24. Opcode Map 


eee enn 
Ro[o[1|2|3[4[sle]7]el9}alalciolelr[ol1|2]3/4/s[6{7] 8/9 /alelc! 
fo i cat Cl ea 





mei 
onuw 


EI ifA\ (4) 
SO aa a ae ad — rae oat 





\ | 


CAL a(6) 
SEC . 








fey 

LAMR m(4) | BR b(8) 
8 Al i(4) 

9 | LMIIY i(4) 

TDD m(4) 

8 ALEI i(4) 

LRB m(4) V4 

HO | LRA m(4) iW 

ea SEDD m(4) 

XMRA m(4) 


(__}+-1-word/2-cycle [___}--1-word/3-cycle [_]}:-RAM Direct Address [__ |---2-word/2-cycle 
instruction Instruction Instruction Instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 


Item Symbol Value Unit Note 
Supply Voltage Vec —-0.3 to + 7.0 V 
Terminal Voltage Vr —0.3 to Vcc + 0.3 V 3 
-0.3 to + 15 V 4 
Total Allowance of Input Current = lo 200 mA 5 
Maximum Input Current lo 15 mA 7,8 
35 mA 7,10 
Maximum Output Current —lo 4 mA 8,9 
Total Allowance of Output Current —= lo 50 mA 6 
Operating Temperature Topr —20to + 75 °C 
Storage Temperature Tstg -55 to + 125 °C 
Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 
2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input current which flows in from all 1/O 
pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out from 
Vcc to all 1/O pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
8. Do—Dia, R3—R4, RO 
9. Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 
10. Ri-R2. 
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Electrical Characteristics 


DC Characteristics 


(Vcc = 4V to 6 V, GND = OV, Ta = —20°C to + 75°C) 


item 


Input High 
Voltage 


Input Low 
Voltage 


Input/Output 
Leakage 
Current 


Current 
Dissipation in 
Active Mode 


Current 
Dissipation in 
Standby Mode 


Current 
Dissipation in 
Stop Mode 


Stop Mode 
Retain Voltage 


Symbol 


Vin 


ViL 


Lie | 


lec 


IsBy 


Istop 


Vstop 


Pin Min Typ Max 
RESET, 0.85 Vcc Vec + 0.3 
INTo, 0.8 Vcc Vec + 0.3 
INT} 

OSC, Vec — 0.5 Vec + 0.3 
RESET, - 0.3 0.15 Vcc 
INTo, -0.3 0.2 Vec 
INT 

OSC, -~ 0.3 0.5 
RESET, 1 

INTo, 

INT1, 

OSC; 

Vec 5 

Vec 2.6 

Vec 10 

Vec 2 


Notes: 1. Output buffer current are excluded. 
2. The MCU is in the reset state. Input/output current does not flow. 
- MCU in reset state, operation mode 
- RESET, TEST: Vcc 
* Do-D14, RO-R4: Vcc voltage 
3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
* MCU in standby mode 
- Input/output in reset state 
* RESET: GND 


> TEST: Vcc 


* Do-Di4a, RO-R4: Vcc voltage 
4. Excluding pull-up MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 

Max value @ x MHz = x/4 x (max value @ 4 MHz) 


1174 
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Unit 


LA 


mA 


mA 


KA 


Test Condition Note 
Vin = OV to Vcc 1 

Vec = 5 V; 2,5 
fose = 8 MHz, + 8 

Vec = 5 V; 3,5 


fose = 8 MHz, =o 8 


Vin( TEST) = Voc - 0.3Vto 4 
Vec; Vec, Vin(RESET) = 
OVtl0.3V 
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Input/Output Characteristics for Standard Use 


(Vcc=4V to 6V, GND=OV, Ta= — 20°C to + 75°C) 


item 


Input High 
Voltage 


Input Low 
Voltage 


Output High 
Voltage 


Output Low 
Voltage 


Input/Output 


Leakage Current 


Symbol 


Vin 


Vit 


Hie | 


Pin 
R1-R2 


Do-D14 
R3-R4 


R1-R2 


Do-Di4 
R3-R4 


Do-D14 
R3-R4, RO 


Do-D14, 
R3-R4, RO 


Do-Di4, 
R3-R4, RO 


R1-R2 


Do-Di4, 
R3-R4, RO 


R1-R2 


Min Typ Max 
0.7Vcc Vec + 0.3 
—0.3 0.3Vcc 
Vcc — 1.0 
Vcc — 0.5 

0.4 

1.2 

1 

20 


Note: 1. Output buffer current are excluded. 


Input/Output Characteristics for High Voltage Use 


(Vcc = 4V to 6 V, GND = OV, Ta=-20° to + 75°C) 


item 


Input High 
Voltage 


Input Low 
Voltage 


Output High 
Voltage 


Output Low 
Voltage 


Input/Output 
Leakage 
Current 


Symbol 


Vin 


Vit 


Vou 


VoL 


Hie | 


Pin 


Do-Di4, 
R3-R4 


Do-Dia, 
R3-R4 


Do-Di4, 
R3-R4, RO 


Do-Dia, 
R3-R4, RO 


Do-Di4, 
R3-R4, RO 


11.5 


Note: 1. Output buffer current are excluded. 


Typ Miax 
12 
0.3 Vec 
0.4 
1 
€® HITACHI 


Unit 


Unit 


Test Conditions 


— lon = 1.0 mA 
- lon = 0.5 mA 
lo. = 1.6 mA 


Vec = 5V, lop = 25 mA 


Vin = OV to Vcc 


Test Conditions 


500 kQ to 12V 


1.6mA 


" 


lot 


< 
=| 
iI 


OV to Vec 
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AC Characteristics 


(Vcc = 4 V to 6V, GND = OV, Ta = —20°C to + 75°C) 


item 


Oscillation Frequency 


Instruction Cycle 
Time 


Oscillator Stabiliza- 
tion Time 


External clock 
Frequency 


External Clock 
High, Low 
Level Width 


External Clock Rise 
Time 


External Clock Fall 
Time 


Instruction 
cycle Time 


INTo High Level 


Width 


INTo Low Level 
Width 


INT, High Level 
Width 


INT, Low Level 
Width 


RESET High Level 
Width 


Input Capacitance 


RESET Fall Time 


Symbol 
fose 


teyc 


trc 


fep 


tcPH, 
tcPL 


tcPr 


tcp 


teyc 


tion 


tio 


tH 


tit 


tRSTH 


Cin 


trstTf 


Pin 


OSC;, OSC2 


OSC1, OSC2 
OSC; 


OSC, 


OSC, 


OSC; 


INTo 
INTo 
INT 
INT) 
RESET 


All pins 


Min Typ 
0.4 8 
0.89 1 
0.4 8 
41 7 
0.89 1 

2 

2 

2 

2 

2 


Max 


20 


20 


15 


15 


20 


15 


20 


Test 
Unit Conditions 


MHz Divide by 8 


“Ss 
ms 
MHz 


ns Divide by 8 


ns 
ns 
US 
teyc 
teyc 
teyc 
teyc 


teyc 


pF f =1 MHz, 
Vin = OV 


ms 


Note 


4 


Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its 
minimum allowable voltage 4 V after power-on, or after RESET goes high. At power-on or 
stop mode release, RESET must be kept high for at least tac. Since tac depends on the crystal 
or ceramic filter's circuit constant and stray capacitance, please get the manufacturer’s advice 
when designing the RESET circuit. (See figure 20.) 
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. See figure 21. 
. See figure 22. 
. See figure 23. 
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Ceramic filter oscillator 


Ceramic 
filter 


Ceramic filter: CSA8.OOMT (Murata) 
Res TMQ + 20% 
C,: 30pF + 20% 
C2: 30 pF + 20% 





Figure 20. Oscillator Circuit 





Figure 21. Oscillator Timing 





Figure 22. Interrupt Timing 





Figure 23. Reset Timing 
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Precautions on using EPROM on Pack- (a) 
age Type Microcomputer 


Since the HD40P4919 has a special structure 
with pin sockets installed on the surface of 
the package, the following should be noted 
when using it. (b) 


(1) Do not apply an electrostatic voltage or 
surge voltage more than the maximum 
ratings to the pin socket pins. This may (c) 
destroy the LSI permanently. 
(2) When installing this LSI in system prod- (da) 
ucts in the same way as the mask ROM 4- 
_ bit single chip microcomputer, observe 
the following in order to maintain good 
ohmic contact between EPROM pins and 
pin sockets. 


© HITACHI 


When soldering the LSI on a printed 
circuit board, keep pin conditions 
under 250°C within 10 seconds. If 
these conditions are exceeded, the 
solder fixing the pin sockets may melt 
and the pins may fall out. 

Keep out detergent or coater from 
the pin sockets during flux removal or 
board coating. Flux or coater may 
decrease pin socket contactivity. 
Avoid permanent use of this LSI in 
places with excessive vibration. 
Since repeated insertion/removal of 
EPROMs may decrease pin sockets’ 
contactivity, it is recommended to 
use new ones for vour svstem nrod- 
ucts. 
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LCD—I(HD44790,HD44.795)—— 


DESCRIPTION 


The LCD-III is the CMOS 4-bit single chip microcomputer LCD-IIt 
which contains ROM, RAM, I/O, Timer/Event Counter and 
Control Circuit, Direct Drive Circuit for LCD on single chip. 
The LCD-III is designed to drive LCD directly and perform 
efficient controller function as well as arithmetic function for 
both binary and BCD data. With the on-chip crystal oscillator 
for timer, the clock function is easily realized. The CMOS 
technology of the LCD-III provides the flexibility of microcom- 
puters for battery powered and battery back-up applications in 
combination with low power consuming LCD. 


FEATURES 
@ 4-bit Architecture 
@ 2,048 Words of Program ROM (10 bits/Word) 
128 Words of Pattern ROM (10 bits/Word) 
@ 160 Digits of Data RAM and Display Data RAM (4 bits/ 
Digit) 
@ Control Circuit and Direct Drive Circuit for LCD 
4 Commons (Duty Radio; Static, 1/2, 1/3, 1/4) 
32 Segments (Externally expandable up to 96 Segments 





(FP-80) 


using external Drivers HD44100s) L 
@ 32 1/O Lines and 2 External Interrupt Lines 
@ Timer/Event Counter 8s PIN ARRANGEMENT 
@ All Instructions except One Instruction; Single Word and 
Single Cycle 


@ BCD Arithmetic Instructions 
@ Pattern Generation Instruction 
— Table Look Up Capability — 
@ Powerful Interrupt Function 
3 Interrupt Sources 
2 External Interrupt Lines 
Timer/Event Counter 
Multiple Interrupt Capability 
@ Bit Manipulation Instructions for Both RAM and 1/O 
Option of 1/O Configuration Selectable on Each Pin; Pull 
Up MOS or CMOS or Open Drain 2 
Built-in Oscillator for System Clock (Resistor or Ceramic 
Filter) 
Built-in Crystal Oscillator for Timer 
Built-in Power-on Reset Circuit 
Low Operating Power Dissipation; 2mW typ. 
Stand-by Mode (Halt Mode); 50uW max. 
2 Versions; HD44790 Vcc = 5V + 10%, 10 us Instruction 
Cycle Time 
HD44795 VCC = 2.7V to 5.5V, 20 us Instruc- 
tion Cycle Time (Top View) 





PROGRAM DEVELOPMENT SUPPORT TOOLS 

e Cross assembler and simulator software for use with IBM PCs 
and compatibles 

e In circuit emulator for use with IBM PC 
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= BLOCK DIAGRAM 


1182 


INT, © 


Timer/Counter 


INT, O- 






ROM 
2,048 x 10 bits 
(program memory) 
128 x 10 bits 
(pattern memory) 


Lt 


PC (11 bits) 














Instruction 
Decoder 








Stack Register 


—™N 


° JooD,./XI 














ion 


2 
25 
oye 


Data RAM 
RAM (Dispiy Data 
RAM 


160 x 4 bits 






= 
Display Counter 


& Control a= 
imaeenan| 


Shift Register (32 bits) 
LS 





LCD Latch (32 bits) 
LCD Driver ‘ Power 

P ACL 

ai ez SkG) |_(4 com) JX] Supply, 

C} CJ e e LJ re natn, A, A A, A, A It A i 

3g Bogs eeiss os 38 

O oO ” Ow o 

3 (oem enn ®) 

66 # BS z O99 
fossa rest 
: ; 1/0 Common 
a ne | 
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= HD44790 ELECTRICAL CHARACTERISTICS (Vec = 5V+10%) 
@ ABSOLUTE MAXIMUM RATINGS 


-0.3 to +7.0 


-0.3 to Voc +0.3 
0.3 to +10.0 


Note 


Supply Voltage 
Applied to all pins except 
those specified in Vyo. 


Applied to open-drain output pins 
and open-drain !/O common pins. 


(Note 3) 
(Note 3) 


Pin Voltage (1) 


Pin Voltage (2) 


Maximum Total Output Current (1) 
Maximum Total Output Current (2) 
Operating Temperature woe 
Storage Temperature 


-20 to +75 


-55 to +125 


(NOTE) 1. Permanent LS: damage may occur if maximum ratings are exceeded. 
Normal operation should be under the conditions of “ELECTRICAL CHARACTERISTICS-1, -2.” !f these condi- 
tions are exceeded, it could be cause of malfunction of LSI and affects reliability of LSI. 

. Ali voltages are with respect to GND. 

. Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 

. Power supply condition Vcc 2 V1 2 V2 2 V3 2 GND should be maintained. 


&WN 
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LCD-III 





@ ELECTRICAL CHARACTERISTICS —1 (Vcc =5V+t10%, Ta = -20 to +75°C) 








ote 
| min | tve_| max | 
Input “Low” Voltage PN le ee ee oe ee ee ee OW 
Input “High” Voltage (1) pV | Met. | = [Vee | Vv | 
Input “High” Voltage (2) Mn2 | id c=. = | 10 | VT (10) 
Output “Low” Voltage lou = 1.6 mA Se ae ee ae 
Output “High” Voltage (| Vous _|[-lon=10ma—«d| 2a | - | - | v | @ 
Output “High” Voltage (2) “lon =0.01 mA Vecos] - | - [va 
Driver Voltage Descending (COM) Id=0.05 mA Fo o- | - | oa [ov | (13) 
Driver Voltage Descending (SEG) Vd. Id=0.01mA — — 0.4 V (13) 
Dividing Resistor of LCD Power kQ 
Supply 
interrupt Input Fall Time OO 
interrupt Input Rise Time | ton | SSS | | 8s 8 
wee feng V.=OtoV 3), 
Input Leakage Current lee in eae ae oe Se LA (3), (8) 
Vin =0%0 TOV = f= 3] fe. 
Pull up MOS Current Cae | VeVi 
Vin = Vcc. Vec= SV, 
Supply Current (1) Ceramic Filter Oscillation mA {(5) 
(fosc = 400 kHz) 
Vin = Vee, Vee =5V 
R¢ Oscillation 
Supply Current (2) lc€2 (fosc = 400 kHz) (5), (12) 
External Clock Operation 
(fop = 400 kHz) 
A {6,10 
Standby 1/O Leakage Current Ins HLT=1.0V a ce Ee Oe ou) 
Vin =0 to 10V p= | 3 | A |(6),(10) 


Standby Supply Current (1) 
Standby Supply Current (2) 


Vin = Vec, HLT =0.2V 
Vin= Vec., HLT =0.2V 


n= 1 (static) 

n=2 (1/2 Duty) 
n=3 (1/3 Duty) 
n=4 (1/4 Duty) 


LCD Display Voltage Viies Vec-V3 25 | - | Vee | vi | @) 
External Clock Operation; System Clock 
External Clock Frequency fo 40 400 , 440 kHz 


External Clock Duty a 


Internal Clock Operation (R; Oscillation); System Clock 


~~ Clock Oscillation Frequency tow 


| 10 | WA | (11) 
| 40 | vA | 7) 
















1 
256 xn x T 


inst 


Frame Frequency of LCD Drive 


=—- 
mn 






Instruction Cycle Time 
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@ ELECTRICAL CHARACTERISTICS — 2 (Ta = -20 to +75 C) 


| Val 


Halt Duration Voltage Vow HLT =0.2V 


Vin = Vec, HLT = 0.2V, 





Halt Current Von = 2.3V LA (14) 
Hal Delay Ti ee 
Operation Recovery Time Ree le etl 1 us 
CT Fal Time <1 
HLT Rise Time ae ne 

~ HLT “Low” Hold Time tur | 


R- Oscillation, External 
HLT “High” Hold Time topr Clock Operation 


Ceramic Filter Oscillation 4000 
Power Supply Rise Time tcc Built-in Reset, HLT = Vcc 
Power Supply OFF Time Built-in Reset, HLT = Vcc 


External Reset, Vcc = 4.5 
to 5.5V, HLT = Vec 

(R¢ Oscillation, External 
Clock Operation) 


External Reset, Voc = 4.5 
to 5.5V, HLT = Vec 
(Ceramic Filter Oscillation) 


External Reset, Vcc = 4.5 
to 5.5V, HLT = Vec, 

(Prescaler Clock = System 
Clock) 


o>] 














RESET Pulse Width (1) trst1 








2°Tinst 








RESET Pulse Width (2) trst2 
External Reset, Vcc = 4.5 
to 5.5V, HLT = Voc, 32 x 10°/ 
(Prescaler Clock = Crystal Tees 


Clock) 


External Reset, HLT = Vcc, 
Vec = 4.5 to 5.5V 


External Reset, HLT = Vcc, 
Vec = 45 to5.5V 






RESET Rise Time ; terst 





RESET Fall Time terst 


) 


(NOTE) Applied to PMOS load of CMOS output pins and CMOS 1/O common pins among D and R pins. 
Applied to CMOS output pins, CMOS I/O common pins, input pins with pull up MOS, and !/O common pins with pull up 
MOS among D and R pins. 
Applied to open-drain output pins and open-drain |/O common pins among D and R pins. 
Pull up MOS current is excluded. 
Applied to the supply current when the LCD-II| is in the reset state and the crystal oscillation for timer doesn’t operate. 
(Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded). 
Test Conditions: RESET, HLT, TEST = Vcc (Reset State) 
INTo, INT, F Roo to R33, Do to Di3 = Vcc 
D,,/XO, D,,/XI -D,,/XO, D,,/X1 = Voc (Crystal oscillation for timer is not selected). 


Vi, Va.Vs = Veco D,,/XO = Open, D,,/X! = Vcc (Crystal oscillation for timer is selected). 


COM, to COM,, SEG, to SEG32. = Open 
When the crystal oscillation for timer operates, the standby supply current (2) Iccs2 flows in addition to l¢c1 orlec2. 
When the LCD-I!1 is installed in the user’s system, and in operation current increases according to the external circuitry and devices. 
Those are connected to the LCD-II!. User should design the power supply in consideration of this point (The difference between 
the measured current in the above reset state and that measured in the operational state in the user's system is the increased part of 
the supply current). 
6. Standby 1/O leakage current is the leakage current of 1/O pins in the “Halt” and ’’Disable”’ state. 


oS YS 
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7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current (2) 


is the supply current at Vcc = 5V+10% in “‘Halt’’ state in the case that the crystal oscillation for timer is selected (only the crystal 
oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 





Ta = -20 to +75°C 


locs2 (uA) 


Vcc (Vv) 


8. Power supply condition Voc 2 Vi 2 V2 2 Vs 2 GND should be maintained. 
9. Applied to the following pins. ] 


(1) Input pins, 1/0 common pins with pull up MOS, and CMOS 1/0 common pins among D and R pins. 
(2) RESET, HCT, OSC,, INTo and INT, 
Applied to open-drain 1/0 common pins among D and R pins. 


Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current 


is the supply current at Vcc = 5V + 10% in “Halt” state in the case that the crystal oscillation for timer is not selected. The supply current 
when supply voltage falls to the Halt Duration Voltage is called ‘’Halt Current’’ (Ip44). 


The supply current changes as follows according to operating frequency. 


10, 
11. 


12. 


max. Vcc = 5.5V 


Vcc =5V 


loca (mA) 





fosc or fep (kHz) 


13. The voltage that drops between the power supply pins (Vcc, V1, V2, V3) and each common or segment output pin. 
14. The supply current at Voc = Voy = 2.3V in “Halt” state, in the case that the crystal oscillation for timer is not selected. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 
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LCD—III (HD44790, HD44795) 


15. Interrupt inputs must be retained for two or more cycles at both “High” and ‘’Low” levels. 


INT, INT, 


® HD44795 ELECTRICAL CHARACTERISTICS (Vec = 2.7 to 5.5V) 
@ ABSOLUTE MAXIMUM RATINGS 


item Value Unit 
Supply Voltage Vec -0.3 to +7.0 
Pin Voltage (1) Vri ~0.3 to Vect+0.3 V 
Pin Voltage (2) Vr2 0.3 to +10.0 


3 
> 


Maximum Total Output Current (1) -Zo4 
Maximum Total Output Current (2) Loe 
Operating Temperature Topr 
Storage Temperature 


-20 to +75 
-55 to +125 


° 


T stg 





Note 


Applied to all pins except 
those specified in Vo. 


-Applied to open-drain output pins 


and open-drain |/O common pins. 
(Note 3) 
(Note 3) 


(NOTE) 1. Permanent LSI damage may occur if maximum ratings are exceeded. 
Normal operation should be under the conditions of “ELECTRICAL CHARACTERISTICS-1, -2.” If these 
conditions are exceeded, it could be cause of malfunction of LSI and affects reliability of LSI. 
2. All voltages are with respect to GND. 
3. Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 
4. Power supply condition Vcc 2 V1 2 V2 2 V3 2 GND should be maintained. 
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@ ELECTRICAL CHARACTERISTICS — 1 (Vcc = 2.7 to 5.5V, Ta = -20 to +75°C) 


Value 
item Symbol Test Conditions er ie Note 


input "High Voltage W_[ Vinn [| —*dVe08[= | Vee | V 

input “High” Valape (2 [Vee [| SSSS~*d we 8 OV 

Output “High” Vottage (17 | Vow |-lon=008mA __——_—*(Veebay — | - | V| 
=0 a 


< 
O 
QO 

> 


Qa 
b 
> 


Output “High” Voltage (2) Von2 -lon = 0.01 mA | Vec-0.3 ee (2) 
Driver Voitage Descending (COM) id = 0.05 mA = = oa [vf ia) 
Driver Voltage Descending (SEG) Id =0.01 mA fF =- | -— | 04 [ Vi | (13) 
eee Resistor of LCD Power Rwell 25 - 300 kQ 
Interrupt Input Fall Time Ptant | = 8s 15) 
interrupt Input Rise Time | tint [SSCS S| | |) 
Output High” Current | fon | Von= 10V C= = 3 pa] 

| Vin = 0 to Vec Sa eee (3), (9) 
Input Leakage Current hie 

Vin = 0 to 10V a | 3 (3), (10) 


Pull up MOS Current 







Supply Current 









Standby Supply Current (1) 


Standby Supply Current (2) 


R¢ Oscillation 
=Oto V 
Standby !/O Leakage Current lus H : [ Vin =0tOVec | - [| - | 1.0 | wA | (6), (9) 
1 (static) 


pVee=3V00 | | = 80 | 
(Soar = 200 kHz) 
External Clock Operation 
in 
BV | Vin =Ototov, | = | - | 3 | #A_(t6),(t0) 
Vin = Vee, HLT =0.1V 
Vec = 2.7 to 3.3V MA (11) 
n= 2 (1/2 Duty) 
n= 3 (1/3 Duty) 


Vin = Vee. Vec = 3V 
(5), (12) 
(fen = 200 kHz) 
Vin = Vec, HLT = 0.1V 
Vee = 2.7 to 3.3V HN MT 
n = 4 (1/4 Duty) 


Frame Frequency of LCD Drive fr 


LCD Display Voltage Veep 
__ External Clock Operation; System Clock _ 
External Clock Frequency : 
External Clock Duty Duty 
External Clock Rise Time 
External Clock Fall Time 


Instruction Cycle Time 


fop a 
| Duty | 
| ten | 
| Tinst__ 


inst 


— 


Tinst = 
Alfosc 











Veo =2.7to5.5V | 150 | — | 350 | 
Vec=2.7t03.3V{ 16 | —- | 266 | 
Vec=27t055V| 114 | - | 266 
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@® ELECTRICAL CHARACTERISTICS — 2 (Ta =-20 to +75°C) 


Halt Duration Voltage HLT =0.2V 
Halt Current Vin = Vcc, HLT =0.1V, (14) 


Halt Delay Time 
Operation Recovery Time Ne ee eee 
FLT Fall Time ict [| 
FLT Ris Time 2 
oe a ae 


HLT “Low” Hold Time 
HLT “High” Hold Time 


Power Supply Rise Time tree Built-in Reset, HLT = Vcc 
Power Supply OFF Time torr Built-in Reset, HLT = Vcc 
RESET Pulse Width (1) trst1 External Reset, HLT = Vcc 


RESET Pulse Width (2) trst2 


RESET Rise Time teast 


cc = é. “ 


(NOTE) 


Oaw N= 


6. 


Von = 2.3V 





rad 
= 
cr 
- 


R¢ Oscillation, External 
Clock Operation 





External Reset, Vcc = 2.7 
to 5.5V, HLT = Vcc, 
(Prescaler Clock = System 
Clock) 


External Reset, Vcc = 2.7 
to 5.5V, HLT = Vcc, 
(Prescaler Clock = Crystal 
Clock) 


External Reset, HLT = Vcc, 
Veco =2.7to55V 








tee | = 

Us 
32 x 10°/ 
T secx 





. Applied to PMOS load of CMOS output pins and CMOS I/O common pins among D and R pins. 
. Applied to CMOS output pins, CMOS I/O common pins, input pins with pull up MOS, and !/O common pins with pull up MOS 


among D and R pins. 


. Applied to open-drain output pins and open-drain 1/O common pins among D and R pins. 
. Pull up MOS current is excluded. 
. Applied to the supply current when the LCD-I!I is in the reset state and the crystal oscillation for timer doesn’t operate 


(Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded). 
Test Conditions: RESET, HLT, TEST = Vcc (Reset State) 
INTo, INT, . Roo to R33, Do to D3 = Vcc 
D,,/X0, D,, IXI7-Dy, /XO, D,,/Xt = Veg (Crystal oscillation for timer is not selected) 
D,,/XO= dpen, D,, 7 = Vcc (Crystal oscillation for timer is selected). 
Vi ’ Va ’ Vs a Ve 


COM, to COM, SEG, to SEGs2: = Open 
When the crystal oscillation for timer operates, the standby supply current (2) Iccs flows in addition to lec. 
When the LCD-II! is installed in the user’s system, and in operation current increases according to the external circuitry and devices. 
Those are connected to the LCD-1I!. User should design the power supply in consideration of this point (The difference between 
the measured current in the above reset state and that measured in the operational state in the user's system is the increased part of 
the supply current). 
Standby 1/O leakage current is the leakage current of !/O pins in the ‘’Halt” and ‘’Disable’’ state. 
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7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current (2) 


is the supply current at Voc = 3V 110% in “Halt” state in the case that the crystal oscillation for timer is selected (only the crystal 
oscillator for timer, 5bit divider and 6-bit prescaler are in operation). 


Ta = -20 to +75°C 


locs2 (uA) 





. Power supply condition Vec 2 V1 2 V2 2 Vs 2 GND should be maintained. 

9. Applied to the following pins. 
(1) Input pins, 1/0 common pins with pull up MOS, and CMOS 1/0 common pins among D and R pins. 

(2) RESET, HLT, OSC,, INT» and INT, 

. Applied to open-drain 1/O common pins among D and R pins. 


Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current 


is the supply current at Voc = 3V + 10% in “Halt” state in the case that the crystal oscillation for timer is not selected. The supply current 
when supply voltage falls to the Halt Duration Voltage is called ‘Halt Current’’ (Ipj44). - 
12. 


The supply current changes as follows according to operating frequency. 


Ta = -20 to +75°C 


icc (mA) 





fosc OF fep (kHz) 
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13. The voltage that drops between the power supply pins (Vcc, V1, V2, V3) and each common or segment output pin. 

14. The supply current at Voc = Von = 2.3V in “Halt” state, in the case that the crystal oscillation for timer is not selected. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 

15. Interrupt inputs must be retained for two or more cycles at both “High” and ‘‘Low” levels. 


INT, INT: 


® SIGNAL DESCRIPTION 
The input and output signals for the LCD-HI shown in PIN 
ARRANGEMENT are described in the following paragraphs. 


® Vcc and GND 
Power is supplied to the LCD-III using these two pins. 
Vcc is power and GND is the ground connection. 


@ RESET 
This pin resets the LCD-III independently of the automatic 
resetting capability (ACL; Built-in Reset Circuit) already in the 
LCD-III. The LCD-III can be reset by pulling RESET High. 
Refer to RESET FUNCTION for additional information. 


@ OSC, and OSC, 

These pins provide control input for the on-chip clock 
oscillator circuit. A resistor, a ceramic filter circuit, or an 
external oscillator can be connected to these pins to provide a 
system clock with various degrees of stability/cost tradeoffs. 
Lead length and stray capacitance on these two pins should be 
minimized. ps 

Refer to OSCILLATOR for recommendations about these 
pins. 


e HLT 

This pin is used to enter the LCD-III into the HALT state 
(Stand-by Mode). The LCD-III can be moved into the halt 
state by pulling HLT Low. 

In the halt state the internal clock stops and all the internal 
statuses (RAM, Registers, Carry, Status, Program Counter, etc.) 
are maintained. Consequently power consumption is greatly 
reduced. By pulling HLT high, the LCD-III starts operation 
from the status just before the halt state. 

Refer to HALT FUNCTION for details of halt mode. 


e TEST 
This pin is not for user application and must be connected 
to Vcc. 


@ INTo and INT: 
These pins generate interrupt request to the LCD-III. 
Refer to INTERRUPT for additional information. 


@ Vi, V2 and V3 





Power for liquid crystal display are supplied to the LCD-III 
using these pins (Vcc 2 V; 2 V2, 2 V3 2 GND). 


® Roo to Ro3 
These four lines are a 4-bit input channel. 
Refer to INPUT/OUTPUT for additional information. 


@ Rio to R13, R20 to R23 

These 8 lines are arranged into two 4-bit Input/Output 
common channels. 4-bit registers (data I/O register) are attach- 
ed to these channels. Each channel is directly addressed by the 
operand of an instruction. I/O configuration of each pin can be 
specified among Open Drain, With Pull Up MOS, and CMOS 
using a mask option. 

Refer to INPUT/OUTPUT for additional information. 


@ R30 to R33 
These four lines are a 4-bit output channel. 4-bit register is 
attached to this channel. This channel is directly addressed by 
the operand of an instruction. I/O configuration of each pin can 
be specified among Open Drain and CMOS using a mask option. 
Refer to INPUT/OUTPUT for additional information. 


@ Do to Di3 

These are 14 discrete signals which can be configured as 
Input/Output lines. 

Refer to INPUT/OUTPUT for additional information. 


@ D14/XO, Dis /XI 

D,4/XO and D,;5/XI select in the following 3 types with a 
mask option. 

e Discrete I/O (common pin) 

e Crystal circuit connecting pins (with internal halt) 

e Crystal circuit connecting pins (no internal halt) 

Refer to INPUT/OUTPUT for additional information. 


®@ COM: to COM, 

These pins are common pins for liquid crystal display. 

Refer to LIQUID CRYSTAL DISPLAY for additional in- 
formation. 


@ SEG: to SEG32 
These are segment pins for liquid crystal display. 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 1191 


LCD—III (HD44790, HD44795) 


Refer to LIQUID CRYSTAL DISPLAY for additional in- A resistor, a ceramic filter circuit or an external oscillator 


formation. . can be connected to OSC, and OSC,. However, a ceramic 
filter circuit cannot be used on the HD44795. The connection 
= OSCILLATOR methods are shown in Figure 1. 
(1) External Clock Th ——T] 
Vin 






1/2 Vcc 
Oscillato 
Open 
trep ttep 
Dut nN 00% 
u = 
eae aa 7 
(2) Resistor 
OSC, Length of the wirings for OSC, and OSC, 


pins should be minimized because the 
oscillation frequency varies depending 
on the capacitance of these pins. 


R¢ 


osc, 


fose (kHz) 


fosc (kHz) 


typ. (Vec= 5V) 
typ. (Vcc = 3V) 


, R¢ (k2) 
Figure 1 Connection Methods for Osciliator (to be continued) 
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(3) Ceramic Filter (This isnot applied to HD44795.) 
1 


OSC, Ceramic Filter: CSB400P (MURATA) 
Re : 1M2 + 10% 
Ceramic = Ci : 330pF + 10% (ceramic capacitor) 
Filter C, : 330 pF + 10% (ceramic capacitor) 
Ry : 2.2k2+ 10% 
OSC, 
CG Rd 
GND 
Reset at the time of Halt releasing. 
This circuit is the example of the typical use. As the oscillation character- 
istics is not guaranteed, please consider and examine the circuit constant 
carefully on your application. 
Figure 1 Connection Methods for Oscillator 
= ROM stored in this area. The area is only used to store patterns 
ROM is used as program and pattern (constants) memory. (constants) that are referred in programs by user. 
The instruction used in the LCD-III consists of 10 bits. The program area (instructions can be programmed) consists 
of 2,048 words (64 x 32) of pages 0 to 31. In this area, either of 
The pattern area is in pages 61 and 62. No program can be programs or patterns can be stored. 


Table 1 ROM Capacity 
Program Area 32 pages 
Pattern Area 2 pages 
Total Number 


(NOTE) 1 page = 64 words 





ns 64 words | 


1F OF 07 3D 3E 3F 
eee 
ee 





Page 0 






Timer/Counter Interrupt Address (Page 0 Address 3F) 
input Interrupt Address (Page 1 Address 3F) 





Page 30 
Page 31 


Page 61 
Page 62 


Figure 2 ROM Address Space 


Reset Address (Page 31 Address 3F) 


© HITACHI 
Hitachi America Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 1193 





LCD—III (HD44790, HD44795) 


8 PROGRAM COUNTER (PC) 
PC is the counter for addressing the program area of ROM. 
It consists of the page part and the address part as shown in 
Figure 3. 


| Page Part ars a Address Part —-———— “\ 
‘| PCyo PC, PCy, PC, PC} PC, PC, PCs; PC, PC, PC, 


Figure 3 PC Structure 


© Page Part (5-bit register) 

Once a certain value is loaded into a page part, it is unchang- 
ed until other value is loaded by the program. Any number 
among 0 to 31 can be set in the page part. 


@ Address Part (6-bit counter) 


The address part consists of a random sequential counter 
and this counter counts up for each word, that is, one instruc- 


Table 2 Sequence of the PC Address Part 


Hexa- ‘ Hexa- Hexa- 
Decima | Her 
5 05 
11 0B 





(PC) PCio PC, 


Page Fart 





PCy PC, PC.| PC, PC, PC; 


tion cycle. All instructions except the pattern instruction are 
executed in one cycle. (While the pattern instruction is executed 
in two cycles.) 

The sequence indicated in decimal and hexadecimal is shown 
in Table 2. This sequence forms a loop and has neither the 
Starting nor ending points. It generates no overflow carry. 
Therefore, instructions on a same page are executed in order 
unless the contents of the page part is unchanged. 


= PATTERN GENERATION 

The pattern (constants) can be assigned into ROM for user’s 
reference in program. It can be written both in the program 
area and the pattern area. 

Pattern reference is performed by the instruction of pattern 
(P) in the program. 

ROM Addressing for the pattern reference is performed by 
modifying PC with A, B, C (F/F), and the operand p. The 
modifving scheme is shown in Figure 4. The address part is re- 
placed by the contents of A (Accumulator) and the lower 2 bits 
of B. The page part is logically ORed with the PC, the upper 
2 bits of the operand is for referring to the pattern area. When 
the upper bit is preset to 1, the pattern area is referred, and it 
is preset to 0, the program area is referred. Non-existing ROM 
area can not be referred. 


The value of PC is only modified apparently and is not 
changed. Then the address is counted up after the execution 
of P instruction and the next instruction is executed. The 
execution time of this instruction is 2-cycle time. Moreover, 
an instruction just after this instruction is masked. 


The bit pattern of referred ROM address is generated as the 
following two ways. 

(i) The pattern is loaded into A and B. 

(ii) The pattern is loaded into the output ports R2 and R3. 

The command bits (Og, Oi9) in the pattern determine which 
way is taken. Mode (i) is performed when Og is ‘‘1” and mode 
(ii) is performed when Oyo is “1”. Mode (i) and (ii) are simul- 
taneously performed when both Os and Oso are “1”. The 
correspondence of each bit of the pattern is shown in Figure 5. 

In the program run, the pattern can not be distinguished 
from the instruction. When the program is running at the 
address written as a pattern by user, the instruction corre- 
sponding to the pattern bit is executed. 

Therefore, when the pattern is written in the pattern area, 
the instruction must not be executed. 


Address Part 





PC, PC, PCG 


Data for ‘ie ae ee 
ee F Pa Pa Po Fe | By, 8B, By Bo | As Aa Ar Ao 


( Referred a PCio PC, PCy PC, PC, 
| 


ROM address +p: +p) +C 


’ 
+B, 8, Bo As Az Ay Ag ‘ 


fee os ee ew be aseebwoewhbon eb ew mado ewd oem dbamnmobwanmbawaisa anise wad 


Figure 4 ROM Addressing for Pattern Reference 
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ROM 


Oro Oo Os, O, Os Os O, Os O, O; Pattern 


Fe ee 

‘ 

' 1 Rao Raa Ra Ra3 Ra Ra Ru R33 R2 and R3 
a 


(Note) The significance of R2 and R3 is inverted. 


Figure 5 Correspondence of Each Bit of the Pattern 


=» BRANCH 

ROM is accessed according to the PC sequence and the pro- 
gram is executed. In order to jump to an optional address out 
of the sequence, there are four ways. 

(i) Branch to an address in the same page 


(ii) Page jump 

(iii) Branch to an address in any page (combination of (i) 
and (ii) ) 

(iv) Branch referring to the data (Table Branch) 


LCD—III (HD44790, HD44795) 


® Branch to an address in the same page (BR) 

The lower 6 bits of ROM output (operand a, O.¢ to O,) are 
transferred to the lower 6 bits of PC (address part). This instruc- 
tion is a conditional statement and executed only when the 
Status is “1”. If it is “O”, the instruction is skipped and it be- 
comes “*1” 


ROM 


O; ~~ O, 
Pr 


® Page Jump (LPU) 

The lower bits of ROM output (operand u, O, to O;) are 
transferred to the upper 5 bits (page part) of PC with delay by 
one cycle time. Therefore, at the cycle just after this instruc- 
tion, the page remains unchanged and the page jump is perform- 
ed at the next cycle. 

This instruction is a conditional statement and executed only 
when the Status is “1’’. But the Status is unchanged (remains 
*“Q”) even if it is skipped. 


Os; Oe O, 


ROM L PU 


u 
rc 


delay by one cycle time 


(NOTE) Operand u can be 0 to 31 


Interrupt is disabled for one instruction cycle time imme- 
diately after LPU instruction in spite of interrupt enable condi- 
tion. Interrupt request is latched into the interrupt request 
F/F. LPU instruction is normally used as a macro instruction 
of BRL and CALL. 

If it is used singly, page is changed after the execution of 
the instruction just after LPU. Address part of PC follows the 
usual sequence. 


@ Branch to an Address in Any Page (BRL) 
This is a macro instruction composed of LPU + BR divided 
into two steps as follows. 


BRL a—~b— LPU a 


(Jump to address b on page a) BR b 


This is also conditional statement like LPU and BR, and 
executed only when the Status is “1”. If it is “O”, the instruc- 
tion is skipped and it becomes “1”. 


@ Branch Referring to the Data (TBR : Table Branch) 

PC is modified by accumulator, B register, C(F/F), and the 
operand p. The address part is replaced by accumulator and the 
lower 2 bits of B register. The page part is logically ORed with 
the upper 2 bits of B register, C(F/F), and the operand p,, po. 
This instruction is executed irrespectively of the Status. 
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page part 





( Data for ) 
modification, 


(PC after TBR PCio PC, PC, PC, 
instruction) +p, +Po +C +B; 


address part 





Figure © iioditication of FC by THA instruction 


The method of the modification of PC by TBR is the same as 
that of pattern instruction. But the content of PC is changed 
because TBR is a jump instruction. Interrupt is disabled for one 
instruction cycle time immediately after TBR instruction inspite 
of interrupt enable condition. Interrupt request is latched into 
interrupt request F/F. 


(NOTE) The upper bit (p.) of the operand p should be “0” 
because it indicates the pattern area. The value of 
operand p should be 0 to 3. 


® SUBROUTINE 
There are two kinds of subroutine jump. 
(i) Subroutine jump to an address in a subroutine space 
(CAL) 
(ii) Subroutine jump to an address on any page (CALL) 
Here, the subroutine space means page 0. 


@ Subroutine Jump to an Address in a Subroutine Space 
(CAL) 
PC is pushed on the stack in the following order. 


PC+1 > ST1 > ST2 >ST3 > ST4 


The page part of PC is 0. The lower 6 bits of ROM output 
(Operand a, O. to O,) are transferred to the lower 6 bits of 
PC (Address Part). 


(NOTE) “PC+1” does not mean the added address by 1, but the 
next address to the CAL instruction address in the 
sequence of PC address part. Refer to the sequence 
(Table 2) in PC address part. 


CAL instruction is a conditional statement. It is executed 
only when the Status is “1”. If the Status is “0”, this instruc- 
tion is skipped and the status becomes “1”. Interrupt is disabled 
for one instruction cycle time immediately after CAL instruc- 
tion in spite of interrupt enable condition. Interrupt request 
is latched into the interrupt request F/F. 

The condition of PC when pushed on the stack during the 
execution of CAL instruction is shown in Fig. 7. 


ROM 


PC Address Part 


PC+1 


ST1 


ST2 


ST3 





ST4 


Figure 7 The condition of PC when pushed on the stack 
during the execution of CAL instruction 


® Subroutine Jump to an Address on Any Page (CALL) 
This is a macro instruction of LPU+CAL. The subroutine 
jump to any address on the page specified by LPU is possible. 


CALL a—b +> LPU a 


(Subroutine jump to address b on page a) 


CAL b 


This is a conditional instruction like LPU and CAL, and 
executed when the Status is ‘1’. If the status is ‘0’’, this 
instruction is skipped and the Status becomes “1”’. 


© Return (RTN) 
Return from subroutine is performed by RTN instruction in 
the following sequence: 


ST4 > ST3 > ST2 > ST1 > PC 
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Since the next address to PC is pushed on the stack register 
(ST1) during the execution of subroutine jump, the address 
next to the subroutine jump instruction (CAL instruction) is 
pulled into the PC at execution of RTN. 


(NOTE) Up to 4 levels are available for subroutine levels (nest- 
ing) including interrupt level. Note that when counting level 
numbers, interrupt servicing is a kind of subroutine jump and 
should be included in the numbers. (When subroutines are used 
up to the maximum level, interrupt must be disabled condition 
during executing the last level subroutine. An interrupt, if 


Example of Program 


Subroutine 


©) 
©) 












file No. 


oO | 

as w 

> = 
t 


occurred, destroys the contents of the stack register. Execution 
of REIE and CAL to make interrupt disabled during the execu- 
tion of the last level subroutine, is not recommended, because 
the same number of REIE instruction as subroutines is required. 
To solve this problem number of steps can be reduced by 
executing REIE instruction at the start of the subroutine, as 
shown in the following instruction, utilizing the fact that any 
interrupt is disabled for one instruction cycle time immediately 
after CAL instruction. This method is also effective to inhibit 
an interrupt during subroutine execution. 


= RAM 

RAM is the memory used for data storage and register save 
(data RAM) and storage of segment data for liquid crystal 
display (display data RAM). One unit (digit) consists of 4 bits 
and there is a total of 160 digits (640 bits). 


(NOTE) Capacity of display data RAM varies corresponding to 
the duty ratio of LCD. 


Addressing of RAM is performed by the matrix of the file 
number and the digit number. There are 10 files and 16 digits 
in the matrix. Normally the file No. is set in the X register 
and the digit No. is in the Y register, then the matrix of X and 
Y addresses RAM and performs the Read/Write operation. 

Special digits in RAM can be addressed without using X and 
Y. These digits, 16 digits (MRO to MRIS), are called Memory 
Register (MR). Memory register can be exchanged for A register 
By XAMR instruction. RAM address space is shown in Figure 8. 


< digit No. 


* The area marked as[_Jis 
usable only for data. 


* The area marked as{___} is* 
usable for both data and 
display. 


* The file 8 is selected when 
X register has any value among 
8 to 11,and the file 9 is 
selected when 12 to 15. 


Figure 8 RAM Address Space 
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If an instruction consists of a simultaneous Read/Write 
operations of RAM (exchange of RAM and a register), the 
writing data doesn’t affect the reading data because the read 
operation precedes the write operation. 


RAM bit manipulation is usable, which performs any bit 
set, reset or test of the addressed RAM. Bit assignment is made 
by the program as shown below. 


22 22 2! 2° nh Bit assignment No. 


ae 
= = ae 


The bit test makes the status “1” when the assigned bit is 
**1”’ and makes it “0” when the assigned bit is “0”. 


ND 
< 
®) 


® REGISTERS 

The LCD-III has six 4-bit registers and two 1-bit registers 
available to the programmer. 1-bit registers are Carry F/F and 
Status F/F. They are explained in the following paragraphs. 


@ Accumulator (A; A Register) and Carry F/F (C) 

The result of ALU operation (4 bits) and the overflow of 
the ALU are put into the accumulator and Carry F/F respective- 
ly. Carry F/F can be set, reset or tested. Combination of the 
accumulator and Carry F/F can be right or left rotated. The 
accumulator is the main register for ALU operation and Carry 
F/F is used to store the overflow generated by ALU operation 
when the calculation of two or more digits (4 bits/digit) is per- 
formed. 


@ B Register (B) 

The result of ALU operation (4 bits) is put into this register. 
B register is used as a sub-accumulator to stack the data tempo- 
rarily and also used as a counter. 


@ X Register (X) 
The result of ALU operation (4 bits) is put into this register. 
X register is exchangeable with SPX register and addresses the 


RAM file. | 


@ SPX Register (SPX) 

SPX register is exchangeable with X register. 
SPX register is used to stack the contents of the X register and 
expand the addressing system of RAM in combination with X 
register. 


@ Y Register (Y) 

The result of ALU operation (4 bits) is put into this register. 
Y register is exchangeable with SPY register. Y register can 
calculate itself simultaneously with transferring the data by bus 
lines, which is usable for the calculation of two or more digits 
(4 bits/digit). Y register addresses the RAM digits and 1-hit 
discrete input/output common pins. 


@ SPY Register (SPY) 

SPY register is exchangeable with Y register. SPY register 
is used to stack the contents of the Y register and expand the 
addressing system of RAM and 1-bit discrete input/output 
common pins in combination with Y register. 


© Status F/F (S) 

Status F/F latches the result of logical or arithmetic opera- 
tions (Not Zero, Overflow) and bit test operations. Status F/F 
affects conditional instructions (LPU, BR and CAL). These 
instructions are executed only when Status F/F is “1”. If it 
is “O”’, these instructions are skipped and Status F/F becomes 


ses 
. 


= INPUT/OUTPUT 
® Discrete !1/O (D Pin) 

The discrete I/O is composed of 1-bit latch and I/O pin. 
Figure 9 shows the basic block diagram. 


Reset signal by reset function 


Set instruction 


Reset instruction 





Output latch Test 


Figure 9 Discrete !/O Block Diagram 
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Reset Signals by Reset Function 


~ Set instruction 
Reset instruction 


Reset instruction 


Set instruction 


Overflow output ———o..=<.9 
pulse from pre- 


Dh >< 


Set instruction Pm) » 
Raed 


C) Do ~ Dis 


“yp & Di. /XO 


: - e é D,,/X! 


f Reset 
scaler of @ ! 
(internal halt “9” instruction ro) 
release signal) Ton 


Internal hait 


signal © 
Halt signal —< ¢, 
External 


halt signal 


@ 
‘o 


5-bit frequency divider 


Clock for 1,024Hzi 
prescaler + 32 <q 


Crystal oscillator 
for timer (32.768 kHz) 


Figure 10 Mask Option of Dyq and D,; 


Do to D,3 are discrete I/Os of common for input and output, 
D,4 and Dy, require 3 types of mask option. 

If there is internal halt mode, latch of D,; is used as a regis- 
ter for internal halt mode specially. 

In such case, since D,, means internal halt state and D,s = 
“*1” means operating state, LSI can be in internal halt state by 


resetting Dis using an instruction. The prescaler keeps its 
operation in internal halt state. Therefore, Dis may be set by 
overflow output pulse from the prescaler to return to operat- 
ing state. Refer to HALT FUNCTION for details of internal 
halt mode. 


Table 3 Mask Option of D,,/XO and D,./XI Pins 





Mask Option 






Selectable crystal 
oscillation for 









; a 
Unselectable crystal oscillation for ee 
timer (no internal halt) 
with internal 
halt 
short 
no internal halt 


- ~ 








Function of Function of D,4/XO 
D,4/XO and D,./X! and D,.,/X\ latch 
discrete 1/O 
(common Pin) Output Latch 

















Crystal 

Circuit 

Connecting D5; register for 
Pin internal halt 





(NOTE) Users can specify this mask option in ‘The format of 1/O channels” at ROM order. 


Discrete I/O is addressed by Y register, and the set/reset 
instruction is executed for the addressed latch. Level (“‘O” or 
““1”) of the addressed pin and 1 bit register can be tested. 
The test is executed by performing wired OR between the out- 
put of the latch and the pin input. Therefore, in the case of the 


I/O common pins, the output latch should be in the high impe- 
dance state when the test instruction is executed. In order to 
test the pin input, it is necessary the state that the output latch 
should not affect the pin input. 
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One Instruction Cycle 


Instruction 


SCNCSEL) +: aanenaans o 


re Dy Test 


Figure 11 Timing Chart of Discrete 1/O 












SED, RED SEDD, 
REDD Instruc- 
tion 






Instruction 






TD Instruction 






Dry Sampling 
Pulse 





© Data 1/0 (R Pin) 
- Table 4 Data 1/O for the LCD-III 4-bit register (data I/O register) is attached to each 1/O 


common channel and output channel. No register is attached to 
1/0 common channel R1,R2 (2 channels) 


: input channel. Addressing to all channels is performed by 
nut channel programs (addressed by operands in instructions). 
Figure 12 shows the block diagram of each channel. 
R3 


Output channel (1 channe!) 





(NOTE) In addition to the above, R4, R5 and R6 are provided as 
register setting liquid crystal display mode. In these registers, 
there is no pin and exists only data !/O register each, 
which controls liquid crystal display mode. Data is transferred 
to R4, R5 and R6 by LRA or LRB instruction, same as data 
transfer to data !/O registers of R1, R2 and R3. For details of 
R4, R5 and R6, refer to LIQUID: CRYSTAL DISPLAY. 


Serial segment 
Data (D) 









: Latch clock 
Display (Cli) 
Dera Shift clock 
Cle 
Alternating 
Input signal (M) 
reese9 
ai am: ee 
! ' 2° O C) Ris 
To | 24L OR 
' 1 02 2? O Ru 
A,B! RO Channel Bei 
1 2! +1 R . Rt channel 
Register ' ' on 2 CE) Ru 
| 1 7 
; 2? tC) Roo ? . Poe —{ ) Rie 
| ' 
Hi ' 
Set all bits to ' ' 
1" by reset t= Input 
function. ; 2 2! 2 2, a 
[Se d 
To A and B register 


Gate for exchanging a output ies dl Ra = v0" 
signal and the display data signal according a3 = : 
to the contents of Ry, oar register 


Ra = 0" 
Display data 
signal 


Output 


ROM pattern or data 





O; 2? 
O-. 2? 
R3 channel R2 channel 
Or 2' 
Oa ? 
r 
: ' 
Set all bits to “1” Set all bits to “1” § ge 91 92 23 I 
by reset function. by reset function. a j 


To A and B register 


Figure 12 Data !/O Block Diagram 
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When expansion of segment signal for liquid crystal display 
is designated by a program (Register Ry. = “‘0’’), R1 is used as 
a display data output pin. This prohibits R1 to be used as an 
I/O common channel by users (Refer to Figure 12, R1 channel). 

If LRA or LRB instruction is executed at the time, data is 
transferred to data I/O register, but the contents of data I/O 
register is not output from R1. If LAR or LBR instruction is 
executed, display data is input to accumulator (A register) or 
B register. 


Data is transferred from the accumulator (A register) and B 
register to data I/O registers R1, R2, and R3 through the bus 


One Instruction Cycle 


Ry Output 
Instruction 












LRA, LRB 
Instruction 


P 


Instruction 


LAR, LBR 


Instruction 





Pattern ————— ———— cycle) 
a Rp Input Instruction 


LCD—III (HD44790, HD44795) 


line. In addition, ROM bit patterns can be transferred to R2 
and R3 by pattern generation instruction. 


Input instructions input 4-bit data to the accumulator (A 
register) and B register through the channels RO, RI and R2. 
However, in the case of 1/0 common channels R2 and R3, 
since data I/O register outputs are connected to pins, input 
is executed by performing wired OR between the register 
output and the pin input. For this reason, to input pin input 
signal, registers must be set to a state that would not affect 
the pin input. 





Rn Sampling Pulse 


Figure 13 Data !/O Timing Chart 


Pay attention: When executing an input instruction to 
output channel, the microcomputer reads unstabilized value 
causing malfunction of the program. 


When executing an input instruction (LAR and LBR) from 
the data 1/O, pay attention to time allowance after executing 
an output instruction. At the time, the input sampling pulse 
is generated during the first half of the instruction cycle. 
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1 Instruction Cycle 


Dr Set/Reset 
Instruction 


Rn Sampling Pulse 





= Pay attention to time allowance in such system as an external circuit 
is operated by Dn to read the result from Rn. 


Applied Pins: INTy , INT: , Roo to Ros 





No Pull up MOS With Pull up MOS (PMOS) 
Vcc Vcc VCC 
scum oo 7 
1/0 Enable——, ' ' ' 
PMOS 1/0 Enable 4 PMOS 
' ’ ' : 
’ ’ 
' ‘ : NMOS 
' 
NMOS | Input 
: ' ' ; Circuit 
ie Sina aie J Geos SS J 
Figure 14 Configuration of Input Pins 
Applied Pins: Rg to Rss 
No Pull up MOS CMOS Output 


(Open Drain) Vcc 


1/0 Enable 
1/O Enable 
PMOS 
+4 NMOS NMOS 


Figure 15 Configuration of Output Pins 
Applied Pins: Do to Dis, Dig/XO, Dis/XI, Rio to Ris, Rae to Ras 





No Pull up MOS With Pull up MOS (PMOS) - CMOS 
(Open Drain) 
Vv Vcc Vcc Vcc 
CC rer sn4 aisle neki | 
1/0 jam a, ' 1/0 een | ' 
Enable PMOS vo — PMOS Enable | Pmos YCC 1/0 
' Enable ' t : Enable 
‘ PMOS 
J 1 () 
NMOS ' ' 
; NMOS ' 
' ' H 
onl bins oad 
NMOS | Input Input NMOS 
Circuit Circuit 
Input 
Circuit 
1/0 Enable /O Enable 


(NOTE) In case that CMOS is chosen, external 


: : : input signal cannot be applied. 
Figure 16 Configuration of Input/Output Pins 
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® TIMER/COUNTER 


Internal halt release 
signal (D,, output latch 


set signal) 


Data bus 


| 6-bit prescaler 


Lise 


INT, 


4-bit C_5 
<= 
C 
Interrupt 


request 
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Discrete |/O 
output fatch 


Discrete 1/O 
output latch 


32.768kHz 
Crystal 
Circuit 


5-dit divider 


1,024Hz pp 
: V/, 
GY Y 





es System Clock 


(instruction frequency) 


Crystal 
oscillator 


Figure 17 Timer/Counter Block Diagram 


Timer/Counter Block Diagram is shown in Figure 17. 5-bit 
divider divides the crystal oscillation (32.768kHz) by 32 and 
generates clocks of 1,024Hz in the crystal oscillation mode. 
It does not stop in the halt state. Prescaler divides the system 
clock (instruction frequency) or 1,024Hz clock by 64 and 
generates overflow output pulse of “Instruction frequency/ 
64Hz” or 16Hz. In the crystal oscillation mode, it does not 
stop during halt state. The input of the 4-bit counter is over- 


flow output pulse of the prescaler or a pulse of INT, pin. 


Input selection is determined by CF state. Data can be ex- 
changed between the counter and bus by LTI, LTA or LAT 
instruction. TF is a flip-flop which masks the interrupt of 
timer/counter. 

The timer is operable in 2 modes (timer mode and counter 
mode) depending on what to count, and the mode is selected 
by programs. 


@ Timer Mode 

The 4-bit counter counts prescaler overflow output pulses. 
One of the following two can be selected as the prescaler count 
clock by the mask option. 
1. System clock (Instruction frequency) 
2. 1,024Hz clock (Crystal oscillation for timer is selected.) ... 


Internal halt state 


LSI . 
sae = Operating dahil Se ee 
D,s Output Set 


latch (internal 
halt register) 


Prescaler 
overflow output 
pulse (internal 
halt release 
signal) 


Operating state 


Clock obtained by dividing the crystal oscillation (32.768kHz) 
for timer by 32. Crystal oscillator is constructed between D 
pins of Dy, and D,;: 

Note 1) In this case, the overflow output pulses from the pre- 
scaler are 16Hz. These pulses are counted by the 4-bit 
counter to generate an interrupt (16Hz to 1Hz). 

Note 2) In this case, the part marked withZ77ZZin Figure 17 

Timer/Counter does not stop even in halt state. When 
using “internal halt mode”, internal halt state is gener- 
ated by resetting the register for internal halt mode 
(D latch: D,;) by an instruction (Ds = “0”: internal 
halt state, Dj; = “1”: operating state), and all the 
Operation stop. In this case, overflow output pulse 
from the prescaler work as the internal halt releasing 
signal and set the Ds output latch. 
By utilizing this function, intermittent operation is 
possible, that is, program execution for necessary 
processing (for example, counting for clock function) 
starts after every 62.5 msec (16Hz) and the LSI stops 
after execution of the program by an instruction 
which makes the LSI into internal halt state. This 
reduces the time in which the LSI operates, resulting 
in power consumption in substance. 


Internal halt state 


Operating state 





LY! 15 and RED instructions (These are used to reset D,, output latch 
and make the LSI internal halt state.) 


Figure 18 Set/Reset Operation Using Crystal Oscillator for Timer 
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@ Counter Mode 
Counts pulses of INT, pin. 
(Note) The width of INT, pulse in the counter mode must 
be at least 2-cycle time for both the “High” and 
“Low” levels. 


= INTERRUPT 
There are interrupt caused by the timer/counter or the 





INT» 


Leading 
Pulse 


INT; 










Interrupt 
Request 
of Timer/Counter 


1FO or IF 1 is flip-flop (F/F) where the set has priority over the reset. 


inputs. Each interrupt factor has the interrupt request F/F and 
the request is latched into this flip-flop when it is generated. If 
an interrupt request can be accepted, the interrupt is generated. 
It is controlled by Interrupt Enable F/F (I/E F/F) whether 
an interrupt can be accepted or not. 
Figure 19 shows the interrupt block diagram and Figure 20 
shows the interrupt timing chart. 


Figure 19 Interrupt Block Diagram 


The status is unchanged. (The interrupt is different from 
general CAL in regard to this matter.) 

Stacking of registers is performed by the program. Returning 
from the interrupt routine is performed in the same way as that 
from normal subroutine. But it is convenient to use RTNI (Re- 
turn Interrupt) which sets the I/E simultaneously with RTN. 

An interrupt is generated irrespectively of the condition of 
stack registers, so enough stack registers are needed. 

TF, IFO, or IF1 is flip-flop where the set has priority over 
the reset. It is not reset when the reset instruction is issued 
simultaneously with OVF of the timer/counter or the leading 
edge of the input, though the interrupt request is generated 
and latched into I/RI or I/RT. 


_The interrupt servicing caused by the interrupt generation 
is basically the subroutine jump and the jumping location in 
memory is fixed as: 

Interrupt of the timer/counter 

Interrupt of the inputs 

In addition, 

The saving operation of PC > ST1 ~ ST2 ~ ST3 > ST4. 


Page 0 Address 3F (O0—3F) 
Page 1 Address 3F (01—3F) 


I/E reset 


@ Interrupt of the Inputs 
Two pins INT and INT, have the interrupt request func- 
tions. They have the leading pulse generation circuit and the 


interrupt mask F/F (IFO, IF1). When IFO or IF1 is reset, the 
interrupt request is able to generate interrupt mask release. 
When INTy or INT, changes from “0” to “1” (“‘Low” level > 
“High” level), the leading pulse is generated and generates the 
interrput request. When IFO or IF1 is set, the interrupt is 
masked. | 

The interrupt request generated by the leading pulse is 
latched in the interrupt request F/F on the input side (I/RI). 
If interrupt Enable F/F (I/E) is “1”, the interrupt is generated 
immediately and I/RI is reset. But if Interrupt Enable F/F 
(I/E) is ‘O0”, I/RI is held at ‘1” level until it gets into the 
Interrupt Enable state. 

IFO, IF1, INTp and INT, can be tested by the program. 
Therefore, they can also be used as normal input pins or latch 
pins of momentary pulse input. . | 

The interrupt pulse width (at both “High” and “Low” 
levels) should be more than two-cycle. 


© Interrupt of the Timer/Counter 

The interrupt request of the timer/counter is latched into 
the interrupt request F/F of the timer (I/RT). Then I/RT 
operates in the same way as I/RI, but the interrupt of the 
input has priority over that of the timer. Therefore, the input 
interrupt is serviced when both I/RI and I/RT are at “1” 
level (interrupt requests are simultaneously generated). During 
the input interrupt, I/RT remains set. Thus, after the input 
interrupt, the timer/counter interrupt can be serviced. 
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tion Cycle 
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Timer/Counter- 


Prescaler 


| a Sn Oa = eG 


Execution 
Instruction 


Timer/OVF 
TF 
WRT 


INT 


1/E = ; 
| Input Interrupt | Interrupt 


PC 








Execution —— 


Instruction 





INT, Input 7 Sampling 





Leading as 
Pulse — 
U/Ri - a 


1/E 





a a ae — — 
in Address | jin Address m| Jump in Address jin Address pjin Address q 
(n>ST1) V=3F 


Figure 20 !nterrupt Timing Chart 


® LIQUID CRYSTAL DISPLAY 
@ Liquid Crystal Display Circuit 

The LCD-III can directly drive the liquid crystal display 
panel of static, 1/2 duty factor, 1/3 duty factor and 1/4 duty 
factor. 


The LCD-III has 4 common signal pins and 32 segment 
signal pins. Further, if liquid crystal driver LS! (HD44100H) 
is connected to the LCD-III, up to 96 segment signal pins can 
be extended externally. Thus, in addition to the internal 32 
pins, total 128 segment signal pins can be driven. 
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Figure 21 Liquid Crystal Display Circuit Block Diagram 


Display is automatically executed by writing segment data 
into RAM. The RAM reads segment data bit by bit sequentially 
every one instruction cycle upon receiving address signal from 
the display counter and the control circuit. Every time common 
signal is scanned, the RAM reads 128-segment data (SEG, to 
SEGi2s), which corresponds to common signal selected at the 
next time. In the HD44790, scan of common signal is executed 
every 256-instruction cycle. Therefore, the data which corres- 
ponds to 128-segment is read twice at the same time. And in 
the HD44795, scan of common signal is executed every 128- 
instruction cycle. Therefore, 128-segment data is read. The 
serial data read is converted to parallel data by the shift register 


and latch, converted to LCD drive signal by the liquid crystal 
driver and the output from a segment pin. 32-segment (SEG, 
to SEG32) out of 128-segment serial data is used within the 
LCD-III, and the rest (96-segment) is output to the liquid 
crystal driver LS! HD44100H which is connected to the LCD- 
III and is converted to the LCD drive signal in the HD44100H 
at the time of designation of with liquid crystal segment output 
extension. Cycle of the latch clock is 256-instruction cycle in 
the HD44790 and 128-instruction cycle in the HD44795. In 
the case of dynamic drive, data at the common side changes 
synchronously with the latch clock. These display operations 
are all executed regardless of program. 
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(HD44790) 
————_____—_———— 256 Instruction Cycle———_- 


One Instruction Cycle 
Nama a 


eee Ae ee eee ee 
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Figure 22 Liquid Crystal Display Circuit Time Chart (To be continued) 
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Figure 22 Liquid Crystal Display Circuit Time Chart 
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@ Liquid Crystal Display Mode Setting Registers 
For selection of the liquid crystal display mode, data I/O registers of R4, RS and R6 are used. 


Table 5 Function of Liquid Crystal Display Mode Setting Registers 


Static 


Ra] Re 
oo 
eo aay 
eee ee 
ae 













Selection of liquid crystal 
display duty factor (Rao, Ra;) 


1/3 duty 
1/4 duty 












To be extended (Outputs display data from Channel R1) _ 
Not to be extended (Channel R1.becomes an ordinary 4-bit data 1/0.) 


| CO Outputs RAM data for liquid crystal display as segment signals. 
Segment signals become non-selection status (blanking) regardless of 
RAM data for liquid crystal display. 


RAM designation for liquid Function 


Designation of with or without 
liquid crystal segment output 
extension (R42) 














Liquid crystal display blanking 
signal (Ré¢o) 





crystal display (Rso, Rs:) Function varies with liquid crystal display duty factor. 


(NOTE) Liquid crystal display mode at resetting 
Since all bits of registers R4, R5 and R6 are set to ‘1’ by the reset function, display mode after resetting becomes as shown below: 
Liquid crystal display duty factor: 1/4 duty (Reo = "1", Rar = ‘'1"’) 
Liquid crystal segment output extension: Not extended (Ra. = ‘1’') 
Designation of liquid crystal display blanking: Display blanking (Reo = ‘1’’) 


© Relation between Display RAM and Segment Data RAM Address 
x Y 
In the LCD-III, 4 types of display duty factor (static, 1/2 , , 
duty, 1/3 duty, and 1/4 duty) can be selected by programs, and ee eee 


correspondence between RAM bits and segment data changes [2 [SEG12 |SEGr |SEG 10 1SEGs | 
stares [eet 
SEG ss | 


according to these duty factors. 























Pf Of O | 111] (NOTE) The SEGss to SEGias are 
[Reo] O | 1 | 0 | } extended segments. 


Figure 23 Relation between RAM for LCD & Segment Data (Static) 
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[SEGes [SEGes |SEGe2 [SEGos | 
[SEGes [SEGes |SEGre |SEGer |-COM2 


8 

9 
/ 10 |SEGee [SEGe7 [SEGeo |SEGes |- COM: 
a SEGa7 | SEGee | SEGes |- COM2 


SEG {eee SEGs0 | SEGes |- COM: 
|SEGs1 | SEGoo COM2 
|SEGos | SEGos | 


| Etna SEGss [Seer [SECS COM 
98 2 1 

[SEGso | SEGee | SEGoy |- COM: 
SEGi04| SEG10] SEG10a] SEGr0x] - COM 

[SEG 04] SEG103] SEGr0a] SEGro1|- COM2 

SEG 107] SEG106| SEG105}- COM: 

[5 [SEGr09 oe COM: 
COM: 

pale Fs eel COM: 
8 SEG316| SEGi15 COM, 
9 Soi En COM2 
Ro caren COM: 
COM2 

Hit fatist COM: 
13 [SEG rad Seo SEaa COM: 


| 15 | SEGs26| SEGi27 SEG125;- COM2 





(NOTE) The SEGss to SEGi2e are extended segments. 
Figure 24 Relation between RAM for LCD & Segment Data (1/2 Duty, 1/2 Bias) 
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[| RAM Address | RAM ; a Ares | 
x Py [| 22 | ae | 2 | | 2! | 2 
| 0 | (| SEG: | SEG, | SEG: | [Or SEGes 
| 1 | SEG, | SEG. | SEG: | | 1 | [StGe6 |SEGee 
| 2 | [SEG | SEG; | SEGs | 2 | [SEGs7 [SEGer 
| 3 | | SEG. | SEG. | SEGs | 3_| __ | SEGes | SEGee 
| 4 | | SEGs | SEG, | SEG. | ae | SEGeo | SEGes | 
S| [S€Gs | SEG, [SECS | [5 | _[SeGro |SEGro 
| 6 |  — [SEGy | SEGr | SEG? 6 | «| SEGr1 SEG7; |SEG7 
aka eed SEG 
8 | | S€Gs SEGo | 8 | _[SEGrs |$EGrs [SEGrs 
9 |__| S8Gr0| SEGi0| SEGio (8 [S67 [SEGrs |SEGrs 
40 | __ [SEG 11 [ SEGr | SEG 0 |__| S€G7s | SEG. 
Pat | [SeGi| SEGi2| SEGi2 tif [se6re |SEGre 
12 __[S€Grs| SEGia| SECs 2 |SEG 7 [SEG 
13 |__| SEG | SEGra| 13 | _|SEGre | SEG re 
[14 |__| St6re] SEGrs | SEG "14 | _[SEGre [SEGre | SEGr0 
15 |__| SEGre| SEGie| SEGie (15 _| _ |S€Geo [SEGeo | SEGeo 
0 |__| S617 | SEGi7| SEG 0 [| S€Ge: [SEGer [SEGer_ 
[1 |__| S€61s] SEGie| SEGie SEGex |SEGe2 | S€Ge2 | 
i [2 [ [sees | Stes | SeGes| 
|_| SEGao| SEGa0 | SEG2a 3 |_| SEGae | SEGos | SEG | 
4 | __ [StGar | S621 | SEG] 4 [__[S€Ges [SEGes |SEGes_ 
S| | StGre | SEGz2| SEGr Ss [Stee | SEGee 
[6 |__| Stas] SEGaa] SEGra| p6 | | Ser | SEGer |SEGer 
: [7] [86620] SEGae | SEGae SEGeo | SEGes | SEGee 
Po [seta | Sting ee a 
[9 | | SEGze 26 | SEGze | | SEGza | rae | 9 | | SEGoo | 90 | SEGg0 | | SEGoo | 
| 10 | | S8G27| SEG27| SEG27 | 10 | SEGo1 |SEGo1 | SEGo: 
11 [SeGee] SeGze] SEGze TT | [StGe2 | SEGo2 |SEGer_ 
12 | __ [Stee | SEGi9| SEGra| 12 |__| StGes | SEGes 
13 |__| B€6s9] S€620 | SEG20} 13 | [SE Gos |SEGoe | SEGoe 
p14 |_| S€Gas | SEGss | SEGas| __[SEGs5 | SEGos 
rl ee [| S€Ges [SEGoe [SEGoe | 
pO |__| SEGas | SEGas | SEGas| 0 SEGor 
ee ee SEG34 SEG3a | SEG3< | 1 SEGos |SEGoe | SEGos . 
| 2 | | SEGas| SEGas | SEG3s | 2 SEGoo SeGe | 
ae SEG36 SEG36 3 | | SEG100| SEG100| SEG100 
| 4 SEG37 | SEG37 | SEG37 4 |__| SEGr01] SEG103| SEGi01} 
| § | | SEGsz | SEG3s 5 ‘SEGi02 SEG 102| SEG 1021 
[6 | | SEG39| SEGa9| SEG39 6 SEG 103| SEG 103| SEG 103] 
2 7 [J S€Gs0| SEGi0! SEGao ololale pert [StGroe 
(8 |__| StGar | SEGas | SEGer| 
3 |__| S€Gee| SEGaz 9 |__| S€Gr06| SEG soe] SEGro9 
| 10 | | SEGa3| SEGa3| SEGa3 10 |_| SEG107| SEG107| SEG107 
a1 [| Stas | SEGae | SEGea 11_[ | S€Gr0e] SEGr08] SEGr0s 
| | SEGas | SEGas | SEGas 12 SEG 109| SEG109| SEG 109 
13 SEG 110] SEG110, SEG110 
| 14 | | SEGa7| SEGa7 14 SEGi11/ SEGi11| SEGi1 
15 |_| S€Ges| SEGa 15 SEG) 2] SEGrva/ SEG 
[0 |_| SEG sa SEGas 0 SEG 119] SEG1a| SEGria 
[1 | TSEGs0| SEGso | SEGs0| i SEG 14] SEGi 14] SEGiv4 
| 2 | | SEGs:| SEGs:| SEGs: 2 SEG115| SEGi15| SEGi15 
3 |_| SeGsa | SEGs2 3 SEG1 el SEGi16| SEGr16 
(4 |__| SEGss| SEGss| SEGea| 
S| | S€Gse| SEGs« | SEGsa 
(6 |__| S€Gss | S€Gss | SEG. | : 
[7 |__| S€Gse | SEGs6 | SEGse 
8 | _[stGsr[seGsr[seGs,] = | | 2) ° | 7 ey 
(9 |__| S€Gse| SEGse| SEGse| | 3 SEG122| SEG 22] SEG 21 
| 10 | | SEGs9| SEGs9| SEGss | 10 SEG 123| SEG 123| SEG 23] 
| 11 | | SEGeo| SEGeo | SEGeo 1 SEG 126) SEG1 24) SEG124 
| 12 | SEGe1 | SEGe: ! | 12 | SEG 25) SEG125| SEG125 
13 EGe2 13 __[SEGi26| SEG126| SEG126, 
14 | | 14 [SEG 127| SEG 127) SEG127/ 
-_ 15 _ [1s “FSEG 12a] SEG 20 SEG 1281 
Rf op ota 4 i Coo 
| Rs} O | 1 | O | 1 | [4 COM3 COM2z COM; 
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(NOTE) The SEGa3 to SEGias are extended segments. 
Figure 25 Relation between RAM for Liquid Crystal Display and Segment Data (1/3 Duty, 1/3 Bias Drive) 
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RAM Address 









|SEGse | SEGoe | SEGoe | 

|_| SEGo7 | SEGo7 | SEGo7 | SEGsy | 
|_1_[SEGoe [SEGoe | SEGos [SEGoe | 
| 2 | SEGoo | SEGse | SEGes | SEGoo | 
| _ 4 | SEG101] SEG101] SEG 101] SEG oy} 
| 5 | SEGr02] SEG 102] SEG 102 SEG 02|_ 
| 8 | SEG03| SEG 103] SEG 103] SEG 109 
: | _7 | SEGr04 SEG 104| SEG 104] SEG 104 
| 8 | SEG105| SEG105] SEG105| SEG 106] 
|__9 | SEG109] SEG106] SEG 109] SEG 108] 
SEG 107] SEG107] SEG 107] SEG 107 

| SEG 109| SEG 108] SEG 109| SEG 104 


[SEG i129 SEG 126] SEG129 
|_14 | SEG127/ SEG 127] SEG127| SEG127 
|_18 | SEGr29| SEG1 28] SEG 129] SEG 29] 
| Reo] O | O | 1 | 


COM, COM; COM2 COM, | Rs:[/ 0 | 1 | 0 | COM, COM3 COM2 COM: 


(NOTE) The SEGss to SEGi22 are extended segments. 


Figure 26 Relation between RAM for Liquid Crystal Display and Segment Data (1/4 Duty, 1/3 Bias Drive) 
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| ci 4 Digits 2s 


with Symbols mV 






Vcc 


VLCD 


(Static) 


8 Digits 





(1/2 duty, 1/2 bias) 


10 Digits 
with symbols 





(1/3 duty, 1/3 bias) 


Vcc 


4 
- 4 16 Digits LCD 


VLCD 





(1/4 duty, 1/3 bias) 


Figure 27 LCD Wiring Samples 
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® Extension of Display Function 


Number of display digits can be increased by externally con- 
necting an LCD driver LSI HD44100H to the LCD-III. 

The HD44100H consists of shift registers and latch and 
liquid crystal drive circuit. When connected with the LCD-III, 
the HD44100H is used as a circuit for segment. In the LCD-III, 
128 segments display data is sent to the 32-bit shift register 
from RAM constantly. When Raz is set to ‘0’, the R1 channel 
outputs the 32nd stage output D of the shift register, shift 
clock CL2, latch clock CL: and AC signal M. Therefore, up to 
96 segment pins of SEG33 to SEGi2. can be added by directly 
connecting the HD44100H. 


@ RESET FUNCTION | 
The LCD-III can be reset by setting the reset pin to “1” 


HLT=Vcc 
RESET = GND 


Vcc 


(High) and its operation starts when the pin is set to “0” (Low). 
Also an automatic reset function (internal reset circuit) that 
Operates when power is turned on is provided. 

However, note that in the case of internal reset circuit the 
rise time of a power supply has a restriction. The LCD-III inter- 
nal state is set as follows by the reset function: 

The program counter is set to Address 3F of Page 31. 

IR/I, IR/T, I/E and CF are reset to “0”. 

IFO, IF1 and TF are set to “1”. 

All bits of data I/O register, discrete I/O output latches 

(R1, R2, R3 and Do to D,5) are set to “1”. 
Liquid crystal display .. All bits of display mode setting 
registers (data I/O registers) R4, 
RS and R6 are set to “1”. 
When internal halt mode, RAM data is not retained after 


reset. 





(NOTE) torr specifies the period during the power supply is OFF, when 
a short break occurs or power supply ON/OFF is repeated. 


Figure 28 Power Supply Condition Using the Built-in Reset Circuit 


HLT=Vcc 


Vcc 


(Reset State) 





tfRST 


(Reset State) 





(Operating 
State) 






trRST tfRST 


(NOTE) 1. tRST, includes the time required from the power ON until 


the operation gets into the constant state. 


2. tRST, is applied when the operation is in the constant state. 


Figure 29 Reset Input Condition Using an External Reset Circuit 


RESET 


(Halt State) 


tHLT 


(Reset State) 










tast1—— 







iL 
(Operating State) 






tirst 


Figure 30 RESET Timing when Releasing Halt (Ceramic Filter Oscillation) 
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= HALT FUNCTION 

The LCD-III is provided with halt function. The halt func- 
tion reduces power consumption in the halt state by temporari- 
ly stopping all statuses including RAM. When halt is released, 
operation restarts from the state immediately before the halt. 


(Caution at the halt) 


When the LCD-III goes into halt state, segment pins 
(SEG, to SEG3,) and common pins (COM, to COM,) 
become the same potential and display goes out. However, 


in order to reduce power consumption during halt, dis- 
connect the voltage applied to liquid crystal power supply 
V3. Since there are dividing resistors among V,, V2, and 
V3, current of up to 5OuA flows if voltage is applied 
between Vcc and V3 in the same way as normal operation. 


The user can select one of the following I/O status at the 
time of halt based on the “MASK OPTION LIST” when 
ordering ROM: 

i) All I/O statuses are kept as the state immediately before 
the halt. 
ii) All I/O statuses are held in the high impedance state 

(both PMOS and NMOS are off, and pull-up MOS is off). 





LCD—III (HD44790, HD44795) 


There are the following two types of halt: 


1) External Halt (Halt state is generated by using HLT pin) 


All operations stop when the HLT pin is set to the “0” 
level (Low). When the HLT pin is set to the “1” level 
(High), operation restarts from the state immediately before 
the halt. 


2) Internal Halt (Halt state is generated by programs) 


The user can select availability of internal halt at ROM order- 
ing based on the “MASK OPTION LIST”. When internal halt 
is selected, timer crystal should be attached externally. 
Therefore, the D,4/XO and D,;/XI pins should not be used 
as general I/Os, but as XO and XI pins for connecting crystal 
oscillator. 

Resetting of the D,, latch by RED instruction generates 
internal halt state. Overflow signals of the prescaler return 
the LCD-III from internal halt. 16Hz overflow signals are 
output from the prescaler if a crystal oscillator of 32.768 
kHz is connected to the D,4/XO and D,.;/XI pins. When an 
overflow signal is issued, the D,; latch is set to “1” from 
“0”, the LCD-III returns from halt state, adds 1 to the timer 
register, and execution restarts from the instruction next to 
the RED instruction. 

Note that external halt caused by the HLT pin cannot be 
released by prescaler overflow signals. 


Becomes halt state after executing RED 
instruction and the halt is maintained 


LYI 15 until a prescaler overflow signal is issued. 


LY] 0 
TO 
BR +4 The LCD-II! returns from halt state by a 


' prescaler overflow signal and operation 


restarts from LY | instruction. With this 
program, unless the Do pin is set to ‘’0”, 
internal halt state occurs repeatedly. 


Figure 31 Program example in the Internal Halt Mode 


Progra a fo Ne oe ee 
Reuntar, BUR Nace A ae LTT a), Gui 


ROM T_T 
PAO GIOSS  sescesecnceitl | \ pcre, as: os 


ROM 


Halt Signal 


Prescaler — 
Overflow 
Signal 





Figure 32 Internal Halt Timing Chart 
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tHLT toPR 


Figure 33 External Halt Timing Chart 


@ CRYSTAL OSCILLATION CIRCUIT FOR TIMER externally attaching a crystal oscillator of 32.768 kHz to the 
. The user can specify whether or not the timer crystal should D.4/XO and D,,/XI piiis, user can set the prescaier clock to 
be externally attached by the “MASK OPTION LIST”. By 1 ,024Hz and timer interrupt cycle to max. of 1 sec. 


This circuit is the example of the typical use. As the oscillation character- 
istics is not guaranteed, please consider and examine the circuit constants 
carefully on your application. 






C; 






Dia [XO 


LCD-11 C, 
32.768kHz 






Dy; /X| 
(NOTE) 
The crystal oscillator, resistor R, Rd and load 
= zs capacitor C, and C3 should be placed as close 
C1 = Cy = 20pF * 10% as possible to the LCD-II!. Induction of ex- 
R = 10MQ + 10% ternal noise to D,4/XO and Dis/XI may 


disturb normal oscillation. 
Rd = 200k2 + 10% 


Figure 34 Crystal Oscillator Circuit 


ro] rscm | Minayal®| Ove Om 
Pins for attaching Prescaler clock is set to 1,024 Hz and the over- 
is soars ) crystal. Cannot be used flow signal to 16 Hz. Up to 1 second can be set 
y : as general 1/O. as the timer interruption cycle. 
: The prescaler clock becomes a typ. of 100 kHz, 
External halt lala hlper LSI Used as general 1/O and the timer interruption cycle can be set to 
. max. of 97.66 Hz. 


Prescaler clock is set to 1,024 Hz and the over- 
flow signal to 16 Hz. This signal performs the 
LCD-II1 return from internal halt. . 
(Return from external halt is not possible by the 
prescaler overflow signal.) . 




































Pins for attaching 
crystal. Cannot be used 
as general 1/0. 











Internal and 
external halt 


Externally attached 
crystal (32.768 kHz) 
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# MASK OPTION 
The following type mask option is available. 


@ 1/O Pin Format.......... Select one of A, B or C 
A: Without pull-up MOS 
B: With pull-up MOS 
C: CMOS output 
(Note) External input is not permitted if CMOS output is 
selected in the case of I/O common pins. 


@ |/O Status in the Halt State..... Select Enable or Disable 
Enable —- Output .... Maintained in the status before halt. 
+ Patt-up MOS ...ON 


Input .. . Unrelated to halt state 


(Since Pull-up MOS is ON, if halt occurs when output 
is ‘0’ (Low) level (NMOS; ON), pull-up MOS current 
always flows. If input changes, transient current flows 
through the input circuit. Also, current flows through 
the input pull-up MOS. These currents are added to 


standby power supply current (or halt current). ) 
Disable-- Output .. . NMOS output; OFF 
CMOS output; High impedance 
(NMOS, PMOS; OFF) 
Pull-up MOS ... OFF 
Input ... Input circuit; OFF 
(Both input and output become high impedance 


LCD—IITI (HD44790, HD44795) 


state. Since the input circuit is turned off, input 
change does not lead to flow other than the standby 
power supply current or halt current.) 


@ With or without Externally Attached Timer Crystal 

Without timer crystal ... 
The D,4 and D,,; can be used as general I/O pins. Select 
one of A, Bor C in the D,4/D,5 column of the I/O format 
specifications. 

With timer crystal . . . 
The D,4 and Dys cannot be used as general I/O ter- 
minals. 
Therefore, leave the D,4/D,5 column in blank. 


@ With or without Internal Halt 
With internal halt... 
When internal halt is specified, the timer crystal must 
also be specified. 
Without internal halt... 
Without internal halt can be specified regardless of exist- 
ing the crystal for timer. 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300 1217 





LCD—III (HD44790, HD44795) 


@ INSTRUCTION 


Instructions are listed according to their functions. 
Each mnemonic code and function is shown in this table. 


































Register 
to Register 
LXA A> xX 
LYA A> Y 
xii i o> xk 
LY! i i -Y 
lY Y+t17 Y NZ 
RAM DY Y-1°Y 7 NB 
Address AYY Y+A>Y C 
SY Y Y-A > Y NB 
XSPX X<> SPX 
XSPY Y<> SPY 
XSPXY X<>SPX, Y <— SPY 
LAM (X Y) M>A (XY<> SPXY 
LBM (X Y) M>B (XY SPXY) 
Register XM A (X Y) M<>A (X Y<> SPX Y) 
RAM XM B (X Y) M<B (X Y<> SPX Y) 
LMAILY (X) A> WM, Y+1—> Y (X<>SPX) NZ 
LMADY (XxX) M, Y-1—> Y (X<>SPX) NB 
LMILVY i NZ 
immediate LAT i 
LBI i 
Cc 
NZ 
NB 
M+A+C(F/F) > A C 
M-A-C(F/F) > A NB 
M+A > A C 
Decima! Adjustment (Addition) 
Arithmetic Decimal Adjustment (Subtraction) 
At+t17> A 
B>B 
1 > C (F/F) 
0 > C (F/F) 
Test C (F/F) C(F/F) 






Rotation Left 
Rotation Right 
AU B >A 







(to be continued) 
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Group 


Compare 


RAM bit 
Manipulation 


ROM 
Address 


Interrupt 


Input/Output 
(Display Control) 
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Mnemonic code Function 


om O Pp PWYPr<SE 
+ LIU WIA 4 4 Ar 4b 




























Branch on Status 1 

Subroutine Jump on Status 1 

Load Program Counter Upper on 
Status 1 

Table Branch 

Return from Subroutine 








11> 
17> |FO 
17> 1F1 
17> TF 

1 =-CF 

0 > I/E 

0 > IFO 

0 ->I1F1 

0 > TF 

0 > CF 

Test IN To 
Test INT, 
Test 1FO 
Test 1F 1 
Test TF 


i —> Timer/Counter 
A ~ Timer/Counter 
Timer/Counter > A 
Return Interrupt 
17°>D (Y) 
0-D (Y) 

Test D (Y) 
1>D_ (n) 
0->D _ (n) 

R(p) > A 

R(p) > B 

A > R (p) 

B > R (p) 

Pattern Generation 












© HITACHI 


Status 
NZ 
NZ 
NZ 
NZ 
NB 
NB 
NB 


INT, 
INT, 
| Fo 
IF, 
TF 


D(Y) 


1219 
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(NOTE) 1. (XY) after a mnemonic code has four meanings as follows. 


Mnemonic only Instruction execution only 
Mnemonic with X Instruction execution, X <> SPX 
Mnemonic with Y Instruction execution, Y <> SPY 
Mnemonic with XY Instruction execution, X <> SPX, Y <>SPY 
(Example) LAM M>A 
LAMX M >A, X <>SPX 
LAMY M—>A, Y <>SPY 
LAMXY M —> A, X <>SPX, Y <> SPY 
2. Status column shows the factor which affects status by the instruction of status change. 
IZ dsicieses ALU Not Zeto 
Ces ecncteonse ALU = Overflow in Addition/Carry 
NB .......... ALU _ Overfiow in Subtraction/No Borrow 


except above .... Content of status column affects status directly. 
3. Carry flip-flop is not always affected by executing the instruction which affects the Status. 
Instructions which affect Carry flip-flop are eight as follows. 
EC 


AMC 

SMC REC 
DAA ROTL 
DAS ROTR 


4. All instructions except for P are executed in single cycle. 


D ie awannenad in 1 ohm 
5 Uw went wrem eee THI SY UIT. 
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LCD-I1! Mask Option List 
Customer 
[1] 5V Operation Dept. 


O 3V Operation 


we Mark “vy” in “(Q” for the selected spec. 
LS! Type Name 
(entered by Hitachi) 





(1) 1/0 Option 


1/O Option 


k 
B Cc Remarks 


55) 8 








SIS == /=/= 


=== 
Bs 


—_{| == 
nt 





3 


= = 
5555855 





= 


2: 3 . 
HT 
po 
ANT 


* Specify the 1/O composition with a mark of ’°O”’ in the applicable composition column. 
A: No pull up MOS — B: With pull up MOS C: CMOS Output 
(2) Other Options 


1/O State at Halt Mode © Enable 


External Crystal for Timer 0 Yes 
E NDK : MX-38T ) E and D,s become XO and XI. 
n 

















OC Kyocera : KF-38G Do not enter anything in t/O optio 
column of Dia and Dys. 












0 Yes 
ae selecting Crystal for Timer ] 


Internal Halt 









and Oscillator except ceramic filter 





w Mark “Vin ‘“‘O” for the selected spec. 


Check List of Application 


{A] Oscillation (for System Clock) 
[Reiitor———SSSC* RF = TKK 2 DK CRG = 200KR = 2% 
C0 MURATA : CSB400P ee en 


External Clock 0 fcp = 40k to 400kHz QO fcp = 40k to 220 kHz 


WMark '’V" in “OO” for the selected oscillation. 










{B] Halt Function (Only when Ceramic Filter is selected in [A] .) 


Halt Mode C) Used (Recovery with Reset) 









¥ Mark ‘‘V" in 0)” for the selected spec. 
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Description 


The LCD-IV is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, I/O, Timer/Event Counter and 
Control Circuit, Direct Drive Circuit for LCD on single chip. 
The LCD-IV is designed to drive LCD directly and perform 
efficient controller function as well as arithmetic function for 
both binary and BCD data. With the on-chip crystal oscillator 
for timer, the clock function is easily realized. The CMOS 
technology of the LCD-IV provides the flexibility of microcom- 
puters for battery powered and battery back-up applications in 

combination with low power consuming LCD. 


FEATURES 
@ 4-bit Architecture 
@ 4,096 Words of Program ROM (10 bits/Word) 
@ 256 Digits of Data RAM and Display Data RAM (4 bits/ 
Digit) 
® Control Circuit and Direct Drive Circuit for LCD 
4 Commons (Duty Ratio; Static, 1/2, 1/3, 1/4) 
32 Segments (Externally expandable up to 96 Segments 
using external Drivers HD44100Hs) 
@ 32 1/O Lines and 2 External Interrupt Lines : 
@ Timer/Event Counter = PIN ARRANGEMENT 
@ All Instructions except One Instruction; Single Word and 
Single Cycle 
@ BCD Arithmetic Instructions 
@ Pattern Generation Instruction 
— Table Look Up Capability — 
@ Powerful Interrupt Function 
3 Interrupt Sources 
2 External Interrupt Lines 
Timer/Event Counter 
Multiple Interrupt Capability 
@ Bit Manipulation Instructions for Both RAM and I/O < 
®@ Option of 1/O Configuration Selectable on Each Pin; Pull 
Up MOS or CMOS or Open Drain 
Built-in Oscillator for System Clock (Resistor or Ceramic 
Filter) | 
Built-in Crystal Oscillator for Timer 
Low Operating Power Dissipation 
Stand-by Mode (Halt Mode) 
@ 2 Versions; ¢ Vcc = 5V + 10%, Sus Instruction Cycle 
Time 
e Vcc = 2.5V to 5.5V, 20 us Instruction 
Cycle Time 





(FP-80) 





(Top View) 


PROGRAM DEVELOPMENT SUPPORT TOOLS 

e Cross assembler and simulator software for use with IBM PCs 
and compatibles 

e In circuit emulator for use with IBM PC 
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# BLOCK DIAGRAM 







ROM 






4,096 x 10 bits 





program memory 
( pattern memory ) 











Instruction 
Decoder 


PC (12 bits) 









Stack Register 






Cee | ee ae 
oe 81 BUS | 
a J 







a a 
is badrennaly 







Timer/Counter Sac Data RAM 
Display Data ) 
RAM 


256 x 4 bits 


= 
Display Counter 
Shift Register (32 bits) & Control 


—~ | 
rt J 


LCD Driver 


it 






Interrupt ; 





(32 SEG) ' (4com) h—— 
0 OC O O Sa O OO OO OC 0 O O 
- ° | eam Lay a nt a ~ = e Oe 
BS 7 cae “2S eS > 2 
_- = uw wow w O00 090 
oc nw Hn O00OD0 
ftps ora 
: , 1/0 Common 
| enter | 
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® ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%) 


® ABSOLUTE MAXIMUM RATINGS 


a Symbol i 
-0.3 to us 0 


Supply Voltage 


Pin Voltage VT 


-0.3 to Vcc +0.3 


Maximum Total Output Current (1) ~Zlo1 


Maximum Total Output Current (2) | <2 ak mane 


Operating Temperature -20 to +75 
Storage Temperature = -55 to +125 


(NOTE) 1. Permanent LSI damaae mav occur if mavimum retings ere exccodsd. Normal operation strouid oe under the conditions 
of “ELECTRICAL CHARACTERISTICS-1, -2"”, If these conditions are exceeded, it could be cause of malfunction of 
LSI and affects reliability of LSI. . 
. All voltages are with respect to GND. 
. Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 
. Power supply condition Vcc 2 V1 = V2 > V3 > GND should be maintained. 


mA (Note 3) 
(Note 3) _ 





WN 
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@ ELECTRICAL CHARACTERISTICS - 1 (Voc = 5V + 10%, Ta = —20 to +75°C) 


Item Symbol Test Conditions 
Input ‘‘Low’’ Voltage 


Es eee sa 


Output “Low’” Voltage iguetémA SCC Sd or | 
Output “High” Volpe WI [ Vows | -ow=10mA | aa ff Pv | 
Output “High” Voltage vec-oal - | - [| v | 
Driver Voltage Descending (COM | Ver | Wd OD5mA Vigo =BY [=f = [oa |v 
Driver Voltage Descending SEG) | Wr | 1d=0.01mA Vicn=5V | - | - [04 |v | 16 


Dividing Resistor of LCD Power 


interrupt Input Hold Time [wr | SSSOS™S~S~Ss nme | = |e 
Ouxput “High” Curren toa | vousveg 
input Leakage Current in [Vin=O00 Veg id | = 2, 0 
Pull wp MOS Curren =p | Vee=8V Sd 28 


Vin = Vcc, Vec = 5V | 
Ceramic Filter Oscillation 
(fose = 800 kHz) 


Vin = Vec, vec = 5V 
Ceramic Filter Oscillation mA (5) 


Vin = Vcc, Vec = 5V 

R¢ Oscillation 

(fose = 800 kHz) 

External Clock Operation 
Supply Current (2) lcc2 (fop = 800 kHz) 

Vin = Vcc, Vec = 5V 

R¢ Oscillation (fose = 400 kHz) 

External Clock Oscillation 

(fop = 400 kHz) 


Standby !/O Leakage Current us| 4 HLT = 1.0V, eine =0 to Vcc | = | = | 10 | BA | (6), (12) 
Standby Supply Current (1) | lees | Vin= Vee, AUT= av] = [= 10 | wa} 008) 
Standby Supply Current @) | locsa | Vin = Veg, HUT= 02 | =| 80] 120} A | a 


n= 1 (static) 
ene ene (13) 
256 x Nx Tinst 
External Clock Operation; System Clock 


n= 2 (1/2 Duty) 
External Clock Frequency “fe 130 — 1,000 kHz (8), (13) 


n= 3 (1/3 Duty) 
n= 4 (1/4 Duty) 

External Clock Duty Tow | Sids—i TK rT 

External Clock Rise Time ‘| tw [SSS | 

External Cock FallTime | tp | _——SS—~i | 8 | a | 

Instruction Cycle Time Tinst = 4/fep 4.0 | — | 30.7 | ps | (8) 


Internal Clock Operation (R¢ ete System Clock 












Supply Current (1) lec 1 










Frame Frequency of LCD Drive fr 


Clock Oscillation Frequency 


Instruction Cycle Time 





(NOTE) All voltages are with respect to GND. 
* A typical value of Iccg9 is a reference value when Ta is at 25°C. 
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@ ELECTRICAL CHARACTERISTICS — 2 (Ta = -20 to +75°C) 


isin ae e 
V 


Halt Duration Voltage | Von | HLT = 0.2V (17) 


20 a ee aE 


Vou: =2.3V 
w 
LSet eee eee ee sep OO de a io): 0) 


1 


(17) 
(17) 






Halt Delay Time - 
Operation Recovery Time 
HLT Fall Time 
HLT Rise Time 

HLT “Low” Hold Time tHLT 


R¢ Oscillation, External Te T=; 
HLT “High” Hold Time topR | Clock Operation 


Ceramic Fiiter Oscillation 4000 


R¢ Oscillation, External 
Clock Operation 


| 1000 | ws | 
Pa ee 
x 
Ceramic Filter Oscillation 4 ae | 
ac 
Us 
Us 
| us 





(17) 






RESET Pulse Width (1) 


External Reset, HLT =Vec, (18) 
Vcc = 4.5 to 5.5V 


External Reset, HLT = Vcc, 
Vcc = 4.5 to 5.5V 


RESET Fall Time Ti caeeeee _ 100 


(18) 
INTo, INT; Rise Time 


woe (14) 
INTo, INT, Fall Time = L (14) 


Applied to PMOS load of CMOS output pins and CMOS |/O common pins among D and R pins. 
. Applied to CMOS output pins, CMOS |/O common pins, input pins with pull up MOS, and 1/O common pins with pull up 
MOS among D and R pins. 
. Applied to open-drain output pins and open-drain !/O common pins among D and R pins. 
. Pull up MOS current is excluded. 
. Applied to the supply current when a LCD-IV is in the reset state and the crystal oscillation for timer doesn't operate. 
(Current that flows in the input/output circuit and in the power supply circuit for LCD-is excluded). 
Test Conditions: RESET, HLT, EST = Voc (Reset State) 
INT,, INT; Roo to R33, Dp to Dy; =Vcc 
Dy /XO, Dys /XI D,,4/XO, D,5/X! = Vec (Crystal oscillation for timer is not selected). 


Vi,Va.Vs = Vee D,,/XO = Open, 0:5 /X! = Vec (Crystal oscillation for timer is selected). 


COM, to COM,, SEG, to SEG, = Open 

When the crystal oscillation for timer operates, the standby supply current (2) Iccs2 flows in addition to cc or Icc2. 
When the LCD-IV is installed in the user’s system, and in operation current increases according to the external circuitry and 
devices. Those are connected to the LCD-IV. User should design the power supply in consideration of this point (The 
difference between the measured current in the above reset state and that measured in the operational state in the user’s 
system is the increased part of the supply current). 

6. Standby |/O leakage current is the leakage current of |/O pins in the “Halt’’ and “Disable” state. . 

7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby cipal 
current (2) is the supply current at Vcc = 5V + 10% in “‘Halt’’ state in the case that the crystal oscillation for timer is selected 
(only the crystal oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 







RESET Pulse Width (2) 





RESET Rise Time (18) 








(NOTE) 


oAago N= 
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8. Applied to external clock operation (system clock). 


9. 


10. 
11. 
12. 
13. 


14. 


15. 





- Open OSC, 
Th T, 
ViH 
Duty = x 100% 
2.5V Tht Ty 
Vie 
trep 'fep 


Applied to internal clock operation using resistor R¢. (system clock) 


OSC, 
R¢ 
OSC, 


Wiring of OSC, and OSC, pins should be as short as possible because the oscillation frequency is modified by capaci- 
tance of these pins. 

Applied to internal clock operation using ceramic filter. (system clock) 

Power supply condition Vcc 2 Vi 2 V2 2 V3 2 GND should be maintained. 

Applied to input pins, |/O common pins among D and R pins, and RESET, HLT, OSC,, INTo, INT, pins. 

Lower limit of operation frequency is determined by liquid crystal display duty. Flutter occurs on liquid crystal display if 
frame frequency is under 32 Hz. Therefore operation frequency should be determined to prevent that frame frequency 
becomes under 32 Hz. 

The following shows the relation between liquid crystal display frame frequency and operation frequency. 









10004 






a ae ee 2 6 es ee ee 
AEE CURE) GG SiO SG 8 Se Oe 
ay US a CO 0 es Ge 
a e210 | RN 
_— tatic 
= ora RRO (0 0 en UG 
7 ae ee Seite 
J La ee, ieee 
o r a0, 1/3 duty 
Cc 
on Te (\ 7 
ry 100 ot oor et ooo oO 
+e COARSE COVEN URE TB a El (. EA, ERS” UY. 
+ + ft} Ag 
E Canes Gan Gn mca ya rl 
< _ mae ehl) awe ane 
> Frame F TCT TALIM YI 
geri ET 
5 A YY 






LL LLL 
“a 
10 50 100 50 


Operation Frequency fon, fose (kHz) 





0 


INTo and INT, inputs must be retained for two or more instruction cycle time at both “High” and “Low” levels. 





Power supply circuit for LCD is excluded. The standby supply current (1) is the supply at Vcc = 5V + 10% in ‘’Halt” state 
in the case that the crystal oscillation for timer is not selected. The supply current when supply voltage falls to the Halt 
Duration Voltage is called ‘Halt Current” (1poH). (shown in ELECTRICAL CHARACTERISTICS—2) 
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16. The voltage that drops between the power supply pins (Voc, V:, V2, V3) and each common or segment output pin. 
17. External Halt Timing Chart 








Vcc 
HLT 
Vit 
GN: ssee ncn dlsciees = ViL 
HLT trHLT 
tHLT topR 
18, RESET Input Condition 
HLT = Vcc | (Reset State) (Reset State) 
4.0V 





(Operating 
State) Vit 


Vcc 


tfRST trRST teRST 


® tRST,; includes the time that required from the power ON until the operation gets into the constant state. 
@ tRsT, is applied when the operation is in the constant state. 
Reset circuit at power on is not installed. Simple reset circuit at power on is the following. 





19. The supply current at Vcc = VOH = 2.3V in “Halt” state, in the case that the crystal oscillation for timer is not selected. 
- Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 


® ELECTRICAL CHARACTERISTICS (Vcc = 2.5 to 5.5V) 
@ ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ~ -0.3 to +7.0 
Pin Voltage -0.3 to Vcc +0.3 


Operating Temperature ~20 to +75 


Storage Temperature Tstg ~55 to +125 


(NOTE) 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under the conditions 
of “ELECTRICAL CHARACTERISTICS-1, -2.’” If these conditions are exceeded, it could be cause of malfunction of 
LS! and affects reliability of LSI. 

. All voltages are with respect to GND. ; 

Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 

. Power supply condition Vcc 2Vi2zV22V3 2 GND should be maintained. 


PWN 
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@ ELECTRICAL CHARACTERISTICS — 1 (Vcc = 2.5 to 5.5V, Ta = -20 to +75 C) 


Value 
| 


Input ‘‘Low”’ Voltage 0.15-Vcc V 


0.85:Vcc [Vec t+ 0.3 (11) 
a V 


oa [Vv 
a 
Baie wa i: 





Input ‘‘High’’ Voltage ViH 

Output ‘‘Low” Voltage VOL lor = 04mA 
Output ‘High’ Voltage (1) VoH1 | -l0H = 0.08mA | 

Output ‘High’ Voltage (2) VOH2 | -IOH = 0.01mA 
~ Driver Voltage Descending | 

















Driver Voltage Descending 2 ae 

(SEG) Vd2 Id = 0.01 mA (15) 
Dividing Resistor of LCD Rwell 

Power Supply 

Interrupt Input Hold Time tINT —_ ae (13) 














_ Output “High” Current _ 1OH VoH = Vcc = (3) 
Input Leakage Current Ne Vin = Oto Vcc ~ (4), (11) 
UA 


Pull up MOS Current -Ip Vcc = 3V | 100 | 
Vin = Vcc, Vcc = 3V 
R¢ Oscillation 
Supply Current icc (fosc = 200 kHz) mA (5) 
External Clock Operation 
(fep = 200 kHz) 


Standby I/O Leakage Current} ILs HLT = 0.5V, Vin =Oto Vcc UA (6), (11) 


Vin = Vcc, HLT = 0.1V, 


Vin = Vcc, HLT = 0.1V, 





Standby Supply Current (1) 





Standby Supply Current (2) Vcc = 3.0V LA (7) 

LCD Display Voltage Vcc-V3. a - V (10) 
n = 1 (static) 

Frame Frequency of LCD fe n= 2 (1/2 Duty) Hz (12) 


Drive n= 3 (1/3 Duty) 
n= 4 (1/4 Duty) 








External Clock Operation; System Clock 

















~ External Clock Frequency fep 
External Clock Duty Duty 

~ External Clock Rise Time trep _ 
External Clock Fall Time tice _ 
Instruction Cycle Time Tinst Tinst = 4/fep 








Internal Clock Operation (Rf Oscillation) : System Clock 


Clock Oscillation Frequency fosc Re=270kQ+2% | -—— 
; Vcc= 2.5 to5.5V 130 


. Vcc= 2.5 to3.5V 14.8 30.7 
Instruction Cycle Time TL Tinst=4/f : : (9) 
Clock Oscillation Frequency fose Re = 62k. + 2% voce te s5v, 600 | 1000_| kHz (9) 
Vcc =2.5t05.5V, 420 | 1000 


Voc = 4.5 to 5.5V 
Instruction Cycle Time Tinst Tinst = 4/f (9) 
oc = [Vee = 2.5 to 8.5 | 95 


(NOTE) All voltages are with respect to GND. 
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@ ELECTRICAL CHARACTERISTICS.2 (Ta = -20 to +75°C) 


| se | | | 


Halt Duration Voltage HLT = 0.2V | 23 f = | V (16) 
Halt Current [Tor | Vin = Vee, HET =02V,Vou=23v [| 40 aA | 16), 78 











Halt Delay Time | 100 | -— | us | (16) 
Operation Recovery Time | tre | 100 | —- | Us (16) 
HLT Fall Time | = — | 1000 | ws | (16) 
ALT Rise Time Pamir [CSCS «1007 sf) 
HUT "tow"Hoid time [mur | —SSSSS—~<CS~*é~—“—~S~sSOS:C «ds | 
RESET Pulse Width (1) | tnsti | External Reset HT =Veo | 1 [| — | ms | (7 
RESET Pulse Width (2) | trst2 | External Reset, HLT=Vec, 2-Tinst = us | (17) 


Vcc=2.5V to 5.5V 


RESET Rise Time tat hge oe car | 100 fas (17) 
RESET Fall Time tHRST | 100 | us (17) 


(NOTE). 


1230 


Tew N- 


NO 


Applied to PMOS load of CMOS output pins and CMOS !/O common pins among D and R pins. 


. Applied to CMOS output pins, CMOS 1/0 common pins, input pins with pull up MOS, and 1/O common pins with pull up 


MOS among D and R pins. 


. Applied to open-drain output pins and open-drain |/O common pins among D and R pins. 
. Pull up MOS current is excluded. 
. Applied to the supply current when the LCD-IV is in the reset state and the crystal oscillation for timer doesn’t operate. 


(Current that flows in input/output circuit and in the power supply circuit for LCD is excluded). 
Test Conditions: RESET, HLT = Vcc (Reset State), TEST = Voc 


D,,/XO, 0,,/X! ae D,./XO, 0,5/XI = Vec (Crystal oscillation for timer is not selected.) 
= D,4/XO = Open, D,s5/X! = Vcc (Crystal oscillation for timer is selected.) 
Vi,V2,V3 =Vcc 


COM, to COM,, SEG; to SEG3, = Open 
When the crvstal oscillation for timer operates, the standby supply current (2) Iccs2 flows in addition to icc. 
When the LCD-IV is installed in the user's system, and in operation current increases according to the external circuitry and 
devices. Those are connected to the LCD-IV. User should design the power supply in consideration of this point. (The 
difference between the measured current in the above reset state and that measured in the operational state in the user’s 
system is the increased part of the supply current). 


. Standby !/O leakage current is the leakage current of !/O pins in the ‘‘Halt’’ and ‘’Disable” state. 
. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply 


current (2) is the supply current at Vcc = 3.0V in ‘Halt’ state in the case that the crystal oscillation for timer is 
selected (only the crystal oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 
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8. Applied to external clock operation. (system clock) 


Open OSC, 
Th T, 
Viv 
/2V soe! 100% 
Se 
ce Die = ek ty : 
ViL 


trep tfcp 


9. Applied to internal clock operation using resistor R¢. (System Clock) 


Osc, 
R¢ 
OSC, 


Wiring OSC, and OSC, pins should be as short as possible because the oscillation frequency is modified by capacitance of these pins. 
10. Power supply condition Vcc 2 Vi 2 V2 2 V3 2GND should be maintained. 
11. Applied to input pins, |1/O common pins among ‘DandR pins, and RESET, HLT, OSC,, INT,, INT, pins. 
12. Lower limit of operation frequency is determined by liquid crystal display duty. Flutter occurs on liquid crystal display . 

-if frame frequency is under 32 Hz. Therefore operation frequency should be determined to prevent that frame frequency 

becomes under 32 Hz. 

The following shows the relation between liquid crystal display frame frequency and operation frequency. 









Static 


1/2 duty 


1/3 duty 
1/4 duty 





Frame Frequency 


Display Frame Frequency fr (Hz) 


Lower Limit 


Tay TT 


; ao 


10 500 
Operation ane a osc (kHz) 





13. INT, and INT, inputs must be retained for two or more instruction cycle time at both High” and ‘’Low” levels. 
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14. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply 
current (1) is the supply at Vcc = 2.5 to 3.5V in “Halt’’ state in the case that the crystal oscillation for timer is not selected. 
The supply current when supply voltage fails to the Halt Duration Voltage is called ‘‘Halt Current’ (I pty). (shown in 


ELECTRICAL CHARACTERISTICS —2). 


15, The voltage that drops between the power supply pins (Voc, V:, V2, V3) and each common or segment output pin. 


16. External Halt Timing Chart 


Vcc 
HLT 


(Reset State) 


Vcc 









(Reset State) 


(Operating 
State) 


teRST. URST teRST 


@® tRST, includes the time required from the power ON until the operation gets into the constant state. 
‘® tRsT, is applied when the operation is in the constant state. 
Reset circuit at power on is not installed. Simple reset circuit at power on is the following. 


Vec 





18. The supply current at Vcc = VDOH = 2.3V in ‘Halt’ state, in the case that the crystal oscillation for timer is not selected. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 


-@ SIGNAL DESCRIPTION 
The input and output signals for the LCD-IV shown in PIN 
ARRANGEMENT are described in the following paragraphs. 


® Vcc and GND 
Power is supplied to the LCD-IV using these two pins. 
Vcc is power and GND is the ground connection. 


@ RESET 
The LCD.-IV can be reset by pulling RESET High. 
Refer to RESET FUNCTION for additional information. © 


@ OSC, and OSC, : 

These pins provide control input for the on-chip clock oscil- 
lator circuit. A resistor, a ceramic filter circuit, or an external 
oscillator can be connected to these pins to provide a system 
clock with various degreeds of stability/cost trade-offs. Lead 
length and stray capacitance on these two pins should be 
minimized. 

Refer to OSCILLATOR for recommendations about these 


pins. 


® HLT 
This pin is used to enter the LCD-IV into the HALT state 
(Stand-by Mode). The LCD-IV can be moved into the halt state 


_ by pulling HLT low. 


In the halt state the internal clock stops and all the internal 
statuses (RAM, Registers, Carry, Status, Program Counter, etc.) 
are maintained. Consequently power consumption is greatly 
reduced. By pulling HLT high, the LCD-IV starts operation 
from the status just before the halt state. 

Refer to HALT FUNCTION for details of halt mode. 


© TEST 
This pin is not for user application and must be connected 
to Vcc. 


@ INT, and INT, 
These pins generate interrupt request to the LCD-IV. 
Refer to INTERRUPT for additional information. 
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e Vi; ; V> and V3 
Power for liquid crystal display are supplied to the LCD-IV 
using these pins (Vcc 2V1 2V2 2V3 2GND). 


@ Roo to Ros 
These 4 lines are a 4-bit input channel. 
Refer to INPUT/OUTPUT for additional information. 


@ Rio to R13, Ro to R23 

These 8 lines are arranged into two 4-bit Input/Output 
common channels. The 4-bit register is attached to these chan- 
nels. These channels are directly addressed by the operand of 
an instruction. I/O configuration of each pin can be specified 
among Open Drain and CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional information. 


@ R3o to R33 
These 4 lines are a 4-bit output channel. 4-bit register is 
attached to this channel. This channel is directly addressed by 
the operand of an instruction. I/O configuration of each pin can 
be specified among Open Drain and CMOS using a mask option. 
Refer to INPUT/OUTPUT for additional information. 


® Do to D:3 

These are 14 discrete signals which can be configured as 
Input/Output lines. 

Refer to INPUT/OUTPUT for additional information. 


@ D,,/XO, D,;/XI 

D,4/XO and D,;/XI are selected in the following 3 types 
with a mask option. 

e Discrete I/O (common pin) 

e Crystal circuit connecting pins (with internal halt) 

e Crystal circuit connecting pins (no internal halt) 

Refer to INPUT/OUTPUT for additional information. 


@ COM, to COM, 
These pins are common pins for liquid crystal display. 
Refer to LIQUID CRYSTAL DISPLAY for additional 
information. 


e SEG, to SEG3, 
These are segment pins for liquid crystal display. 


# OSCILLATOR 
The user can specify a resistor, or a ceramic filter circuit or 
an external oscillator by “MASK OPTION LIST”. 


LCD—IV (HD613901) 


(1) External Clock 





(2) Resistor 


OSC, 


Ry 


OSC, 


(3) Ceramic Filter (This is not applied to Low Voltage Operation Version.) 
C, 
Osc, 


Ceramic Cc) 
Filter 
C2 Rd 
GND 
(NOTE) Configuration and constant 
of external parts are depend 


upon each applied ceramic 
filter. 


Reset at the time of halt releasing. 

This circuit is the example of the typical use. As the oscillation character- 
istics is not guaranteed, please consider and examine the circuit constants 
carefully on your application. 


= ROM 
@® ROM Address Space 

ROM is used as a memory for the instructions and the pat- 
terns (constants). The instruction used in the LCD-IV consists 
of 10 bits. These 10 bits are called ‘ta word”, which is a unit 
for writing into ROM. 

The ROM address is split into two banks. 

Each bank is composed of 32 pages (64 words/page). 

The ROM capacity is 4,096 words (1 word = 10 bits) in all. 

All addresses can contain both the instructions and the pat- 
terns (constants). 

The ROM address space is shown in Figure 1. 
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|.+___— 64 words | 


1F OF wH_H———~. 3E 3F 







peas 0 [ “Subroutine Space [Zh (hae 0 
; Vy Timer/Counter Interrupt Address 
Page nee ” Benk 0 Page 0 Address 3F 
\ (Page O Address 3F) 
Bank 0 
Input Interrupt Address 
Bank O Page 1 Address 3F 
(Page 1 Address 3F) 
td a 
rece si ———SSSSS—*d Cae it 
i) a 
Dana 1 ie c oor 


=a 


| | 





Page 29 (Page 61) 
Page 30 (Page 62) 
Page 31 (Page 63) 





Reset Address 
Bank 1 Page 31 Address 3F 


(Page 63 Address 3F) 
*Bank O Page 0 (Page 0) is the Subroutine Space. 


Note: The parenthesized contents are expressions of the Page, combining 
the bank part with the page part. 


Figure 1 ROM Address Space 
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@ Program Counter (PC) program counter consists of the bank part, the page part, and 
The program counter is used for addressing of ROM. The the address part as shown in Figure 2. 
Bonk = aoe: 










Address 3F 
Address 3E 


[reno 1} 


Page 30 Address OF 
Page 31 Address 1F 






. Address 3F 


Page C 
(Page 32) 
Address 3E 









———a 


~-——e we owe 









Page 62 
Pp 1 
(pase a3) 


, i 
\___/ 


“Page Address 
=e Part Part 
, erent) Part) aoe 


Note: The parenthesized contents are expressions of the 
Page, combining the bank part with the page part. 


‘Figure 2 Configuration of Program Counter 


The bank part is a 1-bit register and the page part is a 5-bit Table 1 Program Counter Address Part Sequence 
register. Hexa- 
Once a certain value is loaded into the bank part or the page Decimal decimal 


part, it is unchanged until other value is loaded by a program. 

“0” (the Bank 0) or “1” (the Bank 1) can be set in the bank 
part, and any number among 0 to 31 in the page part. 

The address part is a 6-bit polynomial counter and counts up 
for each instruction cycle time. The sequence in the decimal and 
hexadecimal system is shown in Table 1. This sequence forms a 
loop and has neither the starting nor ending point. It doesn’t 
generate an overflow carry. Consequently, the program on a 
same page is executed in order unless the value of the bank part 
or the page part is changed. 
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@ Designation of ROM Address and ROM Code 

The bank part of the ROM address is shown in the binary 
system and the page part in the decimal system. The address 
part is divided into 2 bits and 4 bits, and shown in the hexa- 
decimal system. 

It is possible to combine the bank part and the page part and 
show the combined part as the Page (in the decimal system). 


(a) ROM Address 
(Example 1) 





[ore (Page Part) cae 


Bank Part 


/—\ [Page Part ————\ ,- Address Part 





A A A Ly a a a a 





\—/S \___—. Decimal ate aah ae NS a Hexa- 
decimal 


Hexa- 


(Example 2) 


(a ee Part) el 
Bank Part p Part Add p 
an” ae age Par Saye ress Part aro 









In this case, the Page 0 to the Page 31 in the Bank 1 are shown 
as the Page 32 to the Page 63. The examples are shown in Figure 
3. 

One word (10 bits) of ROM is divided into three parts (2 
bits, 4 bits and 4 bits from the most significant bit Oy in 
order) shown in the hexadecimal system. The examples are 
shown in Figure 3. 


Bank 1 20-26: Bank 1 Page 20 Address 26 


____/ (52—26: Page 52 Address 26) 


Bank 0 2—0A: Bank O Page 2 Address OA 
(2—OA: Page 2 Address 0A) 


OES 5 Soren vet ace Peery | Case eeey | Oe meer meters 


Binary Hexa- Hexa- 
\_-_—_—_—- (Decimal) —__________/ decimal decimal 
(b) ROM Code 
(Example 1) 
Og > tle ogee Oj 
0 1 1 Oo 1 0 1 | ROM Pattern, Object Code: 185 


0 1 1 


\ Hexa- Ga Hexadecimal ES eee Hexadecimal —/ 


decimal 
(Example 2) 
Or os 0, 
0 0 1 0 1 0 0 1 0 0 


LL Hexa- ~\_—- Hexadecimal ——/\—— Hexadecimal ——’ 
decimal 


ROM Pattern, Object Code: OA4 


Figure 3 Designation of ROM Address and ROM Code 
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® PATTERN GENERATION 

The pattern (constant) can be accessed by the pattern instruc- 
tion (P). The pattern can be written in any address of the 
ROM address space. 
@ Reference 

ROM addressing for reference of the patterns is achieved by 
modifying the program counter with the accumulator, the B 
register, the Carry F/F and the operand p. Figure 4 shows how 
to modify the program counter. The address part is replaced 


with the accumulator and the lower 2 bits of B register, while 
the page part and the bank part are ORed with the upper 2 bits 
of B register, the Carry F/F and the operand p. 

The bank part of the ROM address to be referenced to is 
determined by the logical equation: PC,, + P2 (P2 = the MSB of 
the operand p). 

If the address where the pattern instruction exists is in the 
Bank 1, only the pattern of the Bank | can be referenced. 

If the address where the pattern instruction exists is in the 
Bank 0, the pattern of the either Bank 1 or Bank 0 can be refer- 
enced depending on the value of p,. The truth table of the bank 
part of the ROM address is shown in Table 2. 

The value of the program counter is apparently modified and 
not changed actually. After execution of the pattern instruction, 
the program counter counts up and the next instruction is 
executed. 


LCD—IV (HD613901) 


The pattern instruction is executed in 2 cycles. 
@ Generation 

The pattern of referred ROM address is generated as the fol- 
lowing two ways: 

(i) The pattern is loaded into the accumulator and B 

register. 

(ii) The pattern is loaded into the Data I/O Registers R2 

and R3. 

The command bits (O,, Oj9) in the pattern determine 
which way is taken. 

Mode (i) is performed when O, is “1”? and mode (ii) is per- 
formed when Oro is “1”. 

Mode (i) and (ii) are simultaneously performed when both 
O, and Ojo are “‘1”’. The correspondence of each bit of the pat- 
tern is shown in Figure 5. 

Examples of how to use the pattern instruction is shown in 
Table 3. 


CAUTION 


In the program execution, the pattern can not be distinguish- 
ed from the instruction. When the program is running at the 
address written as a pattern, the instruction corresponding to 
the pattern bit is executed. Take care not to execute a pattern 
as an instruction. 


-———— (Page Part) oe 


Bank Part 


[oo T\ fo Page Part foe Address Part ey 


(PC) | PC,,]PC,, PC, PC, PC, PC,{PC, PC, PC, PC, PC, PC, 





(Data for Modification) 1 p, P, Po 
Mota As 
ROM addre PCy "| PC ig PC, | PCa | PC, He ee aoe acme iH AL] As | 
ROM address) | +p, ! +p. l4p, | ec*! +B; . 
Be) Peg Pi ee eg en i he te 


Figure 4 ROM Addressing for Pattern Generation 


Table 2 Bank Part Truth Table of Pattern Generation 


PC,, 
1 (Bank 1) 


0 (Bank 0) 


Bank part of ROM address 
to be referenced to 


1 (Bank 1) 
1 (Bank 1) 
1 (Bank 1) 
0 (Bank 0) 
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ROM Pattern 


Loaded into the accumulator 
and B register 


c-To Loaded into the R2 and R3 
i 1 Rio Ry, Raz Ras | Rao Ry, Rae Ras registers 


Figure 5 Correspondence of Each Bit of Pattern 


Table 3 Example of how to use Pattern Instructions 


Bank 1 30-00 *. 
oon | fo |e 


Bank 1 31-39 
(63-39) 


PC ee ae |B | A | R2 | R3 
Bank 0 0-3F Bank 0 10-20 _* 
(0-3F) (10-20) 
Bank 0 0-3F j Bank 1 29-00 B 
(0-3F) (61-00) 
Bank 1 30-00 o/1** Bank 1 30-09 B 
(62-00) (62-09) 


* 


** "Q/1°° means that either “O’’ or 1" may be selected. 


® BRANCH 

ROM is accessed according to the program counter sequence 
and the program is executed. In order to jump to any address 
out of the sequence, there are four ways. They are explained in 
the following paragraphs. 

e BR 

By BR instruction, the program branches to an address in the 
current page. 

The lower 6 bits of ROM Object Code (operand a, O, to O, ) 
are transferred to the address part of the program counter. This 
instruction is a conditional instruction and executed only when 
the Status F/F is “1”. If it is “O”’, the instruction is skipped and 


the Status F/F becomes “1”. The operation is shown in Figure 6. 


@ LPU 


By LPU instruction, a jump between the bank and page is | 


performed. 

The lower 5 bits of the ROM Object Code (operand u, Os; 
to O,) are transferred to the page part of the program counter 
with a delay of | instruction cycle time. At the same time, the 
signal Ry (the reversed-phase signal of the Data I/O Register 
Rj) is transferred to the bank part of the program counter with 
a delay of 1 instruction cycle time. The operation is shown in 
Figure 7. 

Consequently, the bank and page will remain unchanged in 
the cycle immediately following this instruction. In the next 
cycle, a jump between the bank and page is achieved. 

This instruction (LPU) is conditional, and is executed only 
when the Status F/F is ‘1’. Even after a skip. the Status F/F 


‘*“—"" means that the value does not change after execution of the instruction. 


will remain unchanged (“0’’). 

LPU instruction is used in combination with BR instruction 
or CAL instruction as the macro instruction of BRL or CALL 
instruction. 

@® BRL 

By BRL instruction, the program branches to an address in 
any bank and page. 

This instruction is a macro instruction of-LPU and BR 
instructions, which is divided into two instructions as follows. 


BRL a-b ———w- LPU a 
BR b 


< Jump to Bank “R,,”” Page a — Address b > 


BRL instruction is a conditional instruction because of its 
characteristics of LPU and BR instructions, and is executed only 
when the Status F/F is “1”. If the Status F/F is “0”, the 
instruction is skipped and the Status F/F becomes “1”. The 
examples of BRL instruction are shown in Figure 8. 
® TBR (Table Branch) 

By TBR instruction, the program branches referring to the 
table. 

The program counter is modified with the accumulator, the 
B register, the Carry F/F and the operand p. 

The method for modification is shown in Figure 9. 

The bank part is determined by the logical equation: PC,, + 
P2, as shown in Table 4. 

If the address where TBR instruction exists is in the Bank L; 


© HITACHI 
1238 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


LCD—IV (HD613901) 


Bank 0 depending on the value of the operand p,. 
TBR instruction is executed regardless of the Status F/F, and 
does not affect the Status F/F. 


it is possible to jump to an address only in the Bank 1, not to 
an address in the Bank 0. 

If the address where TBR instruction exists is in the Bank 0, 
it is possible to jump to an address in either the Bank 1 or the 


ae © 


,d bd dd 
Ce Le 


Bank Part 


Figure 6 BR Operation 


Data |/O 
Register 





Bank Part 


Figure 7 LPU Operation 


Branch to Bank 0 Table 4 Bank Part Truth Table of TBR Instruction 


























LA! 15 -_ 
“LRA 7 Ro) = "1" (A, = 0") 
~-eLPU 5 BRL 5-3F Bank Part of PC after 
BR 3F’ 8 TBR 
: (Branch to Bank 0 5-3F (5-3F)) 
LA! 15 1 (Bank 1) 
LBA be eBay 1 (Bank 1) 
aan 7 Ro = feqee (Ri, = ""0"') 5 ieonk or 
L-eLPU 317 Orpenkt 0 (Bank 0) 
? BRL 31-3F 
BR 3F! 


(Branch to Bank 0 31-3F (31-3F)) 


® SUBROUTINE JUMP 
There are two types of subroutine jumps. They are explained 


Branch to Bank 1 


LAI 0 
LRA 7 Ray = "0" (RG, = 1") in the following paragraphs. 
Doge >) BRL 15-3F ®@ CAL 
* (Branch to Bank 1 15-3F (47-3F)) By CAL instruction, subroutine jump to the Subroutine 
ae 0 Space is performed. 
“LRA 7 Rap = "0" (Ang = 1") The Subroutine Space is the Bank 0 Page O (Page 0). | 
; LY! 2 The address next to CAL instruction address is pushed onto 
eLPU 10 ° the Stack ST1 and the contents of the stacks ST1, ST2 and ST3 
BR ae > BRL 10-2E are pushed onto the stacks ST2, ST3 and ST4 respectively as 


(Branch to Bank 1 10-2E (42-2€)) 


Figure 8 BRL Example 


shown in Figure 10. 

The bank part of the program counter becomes the Bank 0 
and the page part becomes the Page 0. The lower 6 bits 
(operand a, O¢ to O,) of the ROM Object Code are transferred 
to the address part of the program counter. 

The LCD-IV has 4 levels of stack (ST1, ST2, ST3 and ST4) 
which allows the programmer to use up to 4 levels of subroutine 
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jumps (including interrupts). 

CAL is a conditional instruction and executed.only when the 
Status F/F is ‘1°’. If the Status F/F is ‘‘O”, it is skipped and the 
Status F/F changes to “‘1”’. 

@ CALL 

By CALL instruction, subroutine jump to an address in any 
bank and page is performed. 

Subroutine jump to any address can be implemented by the 
subroutine jump to the page specified by LPU instruction in the 
bank designated by the reversed-phase signal R70. 

This instruction is a macro instruction of LPU and CAL 
instructions, which is divided into two steps as follows. 


CALL a-b LPU a 


CAL b 





< Subroutine Jump to Bank sy Page a — Address b > 


CALL instruction is conditional because of characteristics of 
LPU and CAL instructions and is executed when the Status F/F 
is “‘1’’. If the Status F/F is “0”, the instruction is skipped and 
the Status F/F changes to “‘1”’. The examples ok CALL instruc- 
tion are shown in Figure 11. 


y-————— (Page Part) ———— 


Bank y Part 


(PC) jPc,, [PC PC, PC, PC, PC,|] PC, PC, PC, PC, PC, PC, 


mime (ebay sear 
(Modification) | P, Py, Po 
Cow et a 


(PC after TBR 
Instruction) 


0 0 0 0 


pak f ff | 








0, eT re nia ss eee O, 


Ul 


: 
PITTI TTT T= 


Figure 10 Subroutine Jump Stacking Order 
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Subroutine Jump to Bank 0 = RAM 
LAI 15 eT ee RAM is the memory used for data storage and register save 
ne ee ee data RAM) and storage of segment data for liquid tal 
EEE SO CALL 5-3F aa RY B ae paeeey ee 
CAL 3F ; (Subroutine Jump to Bank 0 5-3F (5-3F)) display (display data RAM). Its capacity is 256 digits (1,024 
cae aE bits) where one digit consists of 4 bits. 
LBA (Note 1) Capacity of display data RAM varies correspond- 
“LRA 7 Ro. = 1" (Ra, = 0") ing to the duty ratio of LCD. 
Sia 31 (Note 2) On the LCD-IV, RAM contents is not broken at 
CAL SF ; alesse to Bank 0 31-3F (31-3F)) ‘ sy rein Egset : 
cifesnttoniunsanatca Addressing of RAM is performed by a matrix of the file No. 
; Ah and the digit No. Normally the file No. is set in the X register 
rLRA 7 R,. = "0" (R55 = 1") and the digit No. is set in the Y register, then the matrix of X 
eat te \ CALL 15-3F and Y addresses RAM and performs the Read/Write operation. 
: (Subroutine Jump to Bank 1 15-3F (47-3F)) Special digits in RAM can be addressed without using X and Y. 
LAI 0 | These digits, 16 digits (MRO to MRI15), are called Memory 
Be : eT ee Register (MR). Memory Register can be exchanged for A 
LY! 3 7 = register by XAMR instruction. RAM address space is shown in 
! oN ‘ Figure 12. 
eA OE } CALL 10-2E 
(Subroutine Jump to Bank 1 10-2E (42-2E)) 
Figure 11 CALL Example 
\Y fis [rafi3fi2[stfiol 9 ts [7 [6] s [4] a] 2]1 fo 
14] 32, Y register 
7 Digit No. 








Rbsfsfiafeffole[s [Ts] s. 






l= 
ante 


. : 
~ 
oa 
= 







(NOTE) The area marked as (___) is usable 
only for data. 
The area marked as MRR is usable 
for both liquid crystal display and 
data. 










MR1 





X register 
File No 


Figure 12 RAM Address Space 
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If an instruction consists of a simultaneous Read/Write 
operations of RAM (exchange of RAM and a register), the 
writing data doesn’t affect the reading data because the read 
operation precedes the write operation. 

RAM bit manipulation is usable, which performs any bit set 
(SEM), reset (REM) or test (TM) of the addressed RAM. Bit 
assignment is made by the program as shown below. 


2? 2 2) 2° On 
O M (0) 


1 M (1) 


2 M (2) 


Wy 





3 M (3) 


i 


n = Bit assignment No. 


The bit test makes the status “1” when the assigned bit is 
‘1’? and makes it “0” when the assigned bit is “0”. 


@ REGISTERS 
The LCD-IV has six 4-bit registers and two 1!-bit registers 


available to the programmer. 1-bit registers are Carry F/F and 
Status F/F. They are explained in the following paragraphs. 


@ Accumulator (A; A Register) and Carry F/F (C) 

The result of ALU operation (4 bits) and the overflow of 
the ALU are put into the accumulator and Carry F/F respective- 
ly. Carry F/F can be set, reset or tested. Combination of the 
accumulator and Carry F/F can be right or left rotated. The 
accumulator is the main register for ALU operation and Carry 
F/F is used to store the overflow generated by ALU operation 
when the calculation of two or more digits (4 bits/digit) is per- 
formed. 


® B Register (B) 

The result of ALU operation (4 bits) is put into this register. 
B register is used as a sub-accumulator to stack the data tempo- 
rarily and also used as a counter. 


@ X Register (X) 

The result of ALU operation (4 bits) is put into this register. 
X register is exchangeable with SPX register and addresses the 
RAM file. 


@ SPX Register (SPX) 

SPX register is exchangeable with X register. 

SPX register is used to stack the contents of the X register 
and expand the addressing system of RAM in combination with 
X register. 


@ Y Register (Y) 

The result of ALU operation (4 bits) is put into this register. 
Y register is exchangeable with SPY register. Y register can. 
calculate itself simultaneously with transferring the data by bus 
lines, which is usable for the calculation of two or more digits 
(4 bits/digit). Y register addresses the RAM digits and 1-bit 
discrete input/output common pins. 


@ SPY Register (SPY) 

SPY register is exchangeable with Y register. SPY register 
is used to stack the contents of the Y register and expand the 
addressing system of RAM and 1-bit discrete input/output 
common pins in combination with Y register. 


© StatusF/F(S) | | 

Status F/F latches the result of logical or arithmetic opera- 
tions (Not Zero, Overflow) and bit test operations. Status F/F 
affects conditional instructions (LPU, BR and CAL). These 
instructions are executed only when Status F/F is “1”. If it 
is “0”, these instructions are skipped and Status F/F becomes 


ial) (ks 
. 


@ INPUT/OUTPUT 
@ Discrete !/O (D Pin) 

The discrete 1/O is composed of 1-bit latch and 1/O pin. 
Figure 13 shows the basic block diagram. 


Reset signal by reset function 


Set instruction 


Reset instruction 





Output latch Test 


Figure 13 Discrete 1/O Block Diagram 
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Reset, Signals by Reset Function 


Set instruction 
Reset instruction 


Set instruction nn > 
esi 


Reset instruction 


Set instruction D 


Overflow output oe e 
pulse from pre- 


‘ Reset 
scaler oo @ 
i instruction 
(internal hait "7" tio 
release signal) Test 
Internal halt 


signal © : 
Halt signal 
: CG External @ 


halt signal 


Oh | 


( ) Do ~ Dis 
' Test 
> a® 
Sp) 01,/x0 
Test s Oo” ©) 
| >0 0.@ 
LJ e D,,/X! 


5-bit frequency divider 


Clock for 1,024Hz 
pre-scaler + 32 W 


Crystal oscillator 
for timer (32.768 kHz) 


Figure 14 Mask Option of Dy, and D,; 


Do to D,3 are discrete I/Os of common for input and output, 
D,, and D,; require 3 types of mask option. If there is internal 
halt mode, latch of D,, is used as a register for internal halt 
mode specially. 

In such case, since D,; means internal halt state and Dis, = 
‘1’? means operating state, LSI can be in internal halt state by 


resetting Dis using an instruction. The prescaler keeps its 
operation in internal halt state. Therefore, Dis may be set by 
overflow output pulse from the prescaler to return to operat- 
ing state. For details of internal halt mode, refer to HALT 
FUNCTION. 


Table 5 Mask Option of Dy4/XO and D;;/X|1 Pins 


Mask Option 


Unselectable crystal oscillation for 
timer (no internal halt) 


Selectable crystal 
oscillation for 
timer 





Function of Function of D,4/XO 
D,4/XO and D,</X! and D,;/X|I latch 
discrete 1/O 
(common pin) 


Output Latch 


Dis; register for 
Pin internal halt 


Crystal 
Circuit 
Connecting 


(NOTE) Users can specify this mask option in ‘‘The format of 1/O channels” at ROM order. 


Discrete I/O is addressed by Y register, and the set/reset 
instruction is executed for the addressed latch. Level (‘‘0” 


or “1”) of the addressed pin and 1. bit register can be tested. 


The test is executed by performing wired OR between the 
output of the latch and the pin input. Therefore, in the case 


of the I/O common pins, the output latch should be in the high 
impedance state when the test instruction is executed. In order 
to test the pin input, it is necessary the state that the output 
latch should not affect the pin input. 
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One Instruction Cycle 


a a 
Dats pin ss commanpanags son 


—---—— ime 


Figure 15 Timing Chart of Discrete I/O 








SED, REO SEDD, 
REDD Instruc- 
tion 











Instruction 





TD Instruction 





Dn Sampling 
Pulse 





® Data I/O (R Pin) 3 
4-bit register (data I/O register) is attached to each I/O 


Table 6 Data I/O for the LCD-IV common channel and output channel. No register is attached 
to input channel. Addressing to ail channels 1s pertormed by 
BP 2 ie channels) programs (addressed by operands in instructions). 


Figure 16 shows the block diagram of each channel. 





(NOTE) In addition to the above, R4, R5 and R6 are provided as 
register setting liquid crystal! display mode. In these registers, 
there is no pin and exists only data I/O register each, 
which controls liquid crystal display mode. Data is transferred 
to R4, R5 and R6 by LRA or LRB instruction, the same as data 
transfer to data 1/O registers of R1, R2 and R3. For details of 
R4, R5 and R6, refer to LIQUID CRYSTAL DISPLAY. 


Serial segment 4™ 30 
Data (D) 











P Latch clock 
Display (Cl, ) 
Dae Shift clock 
2) 
Alternating 
input signal (M) 
rocco 
f] t ee ee es eee ee em ee ee ee ee ee ee 
3 ' 
PO Rs P mn 
‘ ) 
To ' 92 
: 1 —O Roa 3 5 a 
2 
A,B : ' RO Channel ' 
: ' 9! Ros Data : R1 channel 
Register « = 4 —————O Ro 2 err 
t ‘ 
1 2° 4 R 
' § a“ 2 C ) Rie 
[ ee | 
cr “~ 
Set all bits to : ‘ 
"1" by reset 1 t 
function. ; e 2' 2? 2) : sed 
ey J 
To A and B register 
Gate for exchanging the output register R yee 
signal and the display data signal according a2 = ; 
to the contents of Ra data 1/0 register 
signal 
Ra = “oO” 
Display data 
signal 
Output 
re 
ROM pattern or data 
QO, 2? 
Oo 2? 
R3 channel! R2 chennei 
0, 2' 
oO. ? 
rv 
' 
Set all bits to “1” Set all bits 10 “1” ' EONS | 
by reset function. ey aot iaAeaea: : 2 2 2! ! 
ee 


To A and B register 


Figure 16 Data !/O Block Diagram 
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When expansion of segment signal for liquid crystal display 
is designated by a program (Register R42 = “‘0’’), RI is used as 
a display data output pin. This prohibits R1 to be used as an I/O 
common channel by users (Refer to Figure 16, R1 channel). 

If LRA or LRB instruction is executed at the time, data is 
transferred to data I/O register, but the content of data I/O 
register is not output from R1. If LAR or LBR instruction is 
executed, display data is input to accumulator (A register) or 
B register. 


Data is transferred from the accumulator (A register) and B 
register to data I/O registers R1, R2, and R3 through the bus 


One Instruction Cycle 
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line. In addition, ROM bit patterns can be transferred to R2 
and R3 by pattern generation instructions. 


Input instructions input 4-bit data to the accumulator (A 
register) and B register through the channels RO, R1 and R2. 
However, in the case of I/O common channels R2 and R3, since 
data I/O register outputs are connected to pins, input is execut- 
ed by performing wired OR between the register output and the 
pin input. For this reason, to input pin input signals, registers 
must be set to a state that would not affect the pin input. 


Pattern emnuandinn (second cycle) i 
tion Instruction 


= Ry Input Instruction 


Ry Output 
LRA, LRB ee 
Instruction 
P 
Instruction 

| R2,R3 R3 

LAR, LBR 
Instruction 





Rn Sampling Pulse 


Figure 17 Data !/O Timing Chart 


Pay attention: When executing an input instruction to 
output channel, the microcomputer reads unstabilized value 
causing malfunction of the program. 


1 Instruction Cycle 











Dp SetReset 
Instruction 


Instruction 


Rn Sampling Pulse 


When executing an input instruction (LAR and LBR) from 
the data I/O, pay attention to time allowance after executing 
an output instruction. At the time, the input sampling pulse 
is generated during the first half of the instruction cycle. 


Pay attention to time allowance in such system as an external circuit 


is operated by Dn to read the result from Rn, 


Applied Pins: INT. , INT: , Roo to Ros 


No Pull up MOS 


With Pull up MOS (PMOS) 





Nee. Vee Vee 
1/0 Enable——, ' 1/0 ' ' 
PMOS 1/0 Enable {fal Enable "1 PMOS 
i ' ! 
: ! NMOS 
‘ r) 
pei i Input 
4 ' | circuit 
fea mw we | [ Oe OP ed 


Figure 18 Configuration of Input Pins 
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Applied Pins: Ra to R33 
No Pull up MOS 


1/O Enable | 


pws 


Figure 19 Configuration of Output Pins 


CMOS output 


(Open Drain) Vcc 


1/O Enable — 
ee PMOS 
NMOS 


Applied Pins: Do to 0,3, D,./XO, D,s/XI, Rio to Ri3, Rao to Rz3 


Wu Ful up WIOS 


(Open Drain) 


1/0 damn ’ 
Enable 






Raw an ds 
input 


a Circuit 


1/O Enable 


NMOS 


With Dullun MOSIPMOS! = oS 


Vcc Vcc 






10 
Enable 


Input 





Circuit 
Input 
Circuit | 
1/0 Enable (NOTE) In case that CMOS is chosen, external 


input signal cannot. be applied. 


Figure 20 Configuration of Input/Output Pins 


® TIMER/COUNTER 


Data bus 


| 


4-bit 
a 


interrupt 
request 


& 
deme 


LR INT, 


Discrete 1/O 
output latch 


] ] 

D,./XO 
H Die i_o(a) oy 
6 


e 
t 
t 
t 
§ 
i] 
t 


Discrete !/O 
Output latch 






Internal halt release 
signal (D,, output latch 
set signal} 


1®,,/x1 


32 .768kHz 
Crystal 
circuit 


5-bit divider 


1,024Hz 
. ZY 
' 6 bit prescaler Uj. 2Y 


y OY. : 
Zt oo 
mes 

System Clock 


(instruction frequency) 


Figure 21 Timer/Counter Block Diagram 
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Timer/Counter Block Diagram is shown in Figure 21. 5-bit 
divider divides the crystal oscillation (32.768kHz) by. 32 and 
generates clocks of 1,024Hz in the crystal oscillation mode. 
It does not stop in the halt state. Prescaler divides the system 
clock (instruction frequency) or 1,024Hz clock by 64 and 
generates overflow output pulse of “Instruction frequency/ 
64Hz” or 16Hz. In the crystal oscillation mode, it does not 
stop during halt state. The input of the 4-bit counter is over- 
flow output pulse of the prescaler or a pulse of INT, pin. 
Input selection is determined by CF state. Data can be ex- 
changed between the counter and bus by LTI, LTA or LAT 
instruction. TF is a flip-flop which masks the interrupt of 
timer/counter. 

The timer is operable in 2 modes (timer mode and counter 
mode) depending on what to count, and the mode is selected 
by programs. 


@ Timer Mode 

The 4-bit counter counts prescaler overflow output pulses. 
One of the following two can be selected as the prescaler count 
clock by the mask option. 
1. System clock (Instruction frequency) 
2. 1,024Hz clock (Crystal oscillation for timer is selected.) ... 


Internal halt state 


LS! : 
state 7 Operating aut Mos dition chase es 
D,, Output Set 





latch (internal 
halt register) 


Prescaler 
overflow output 
pulse (internal 
hait release 
signal) 


- Operating state 


Clock obtained by dividing the crystal oscillation (32.768kHz) 
for timer by 32. Crystal oscillator is constructed between D 
pins of Dy4 and D,.: 

Note 1) In this case, the overflow output pulses form the pre- 
scaler are 16Hz. These pulses are counted bv the 4-bit 
counter to generate an interrupt of 16Hz — 1Hz. 

Note 2) In this case, the part marked with 2772 in Figure 21 

Timer/Counter does not stop even in halt state. When 
using “internal halt mode”, internal halt state is gener- 
ated by resetting the register for internal halt mode (D 
latch: D,;) by an instruction (D,,; = “0”: internal 
halt state, D,; = “1”: operating state), and all the 
Operation stop. In this case, overflow output pulses 
from the prescaler work as the internal halt releasing 
signal and set the D,, output latch. 
By utilizing this function, intermittent operation is 
possible, that is, program execution for necessary 
processing (for example, counting for clock function) 
starts after every 62.5 msec (16Hz) and the LSI stops 
after execution of this program by an instruction 
which makes the LSI into internal halt state. This 
reduces the time in which the LSI operates, resulting 
in power consumption in substance. 


internal halt state 


Operating state 


5 a, ee Rene Pee ee Pe Ta ge oe +——=1-- - -- 


LY! 15 and RED instructions (These are used to reset D,, Output latch 
and make the LSI internal halt state.) 


Figue 22 Set/Reset Operation Using Crystal Oscillator for Timer 


@ Counter Mode 
Counts pulse of INT, pin. 
(Note) The width of INT, pulse in the counter mode must be 
at least 2-cycle time for both the “High” and “Low” 


levels. 
The relation between the specified value of the counter and 
specified time in the Timer Mode are shown in Table 7 and 8. 


Table 7 Timer Range (Prescaler clock: system clock) 


“ate — 
a ee ae eee 
2 er pee oe ee ee 
a a [329 
Co A 
es a a eT 
a 


* Time is based on instruction frequency 200kHz. (One Instruction Cycle Time (Tingt) = Sus) 
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Table 8 Timer Range (Prescaler clock: 1,024 Hz) 


2 a: ee RR een eee eee IN ee 2 

(| 975 «| St Sd]SS~CitS~*~dYCi‘S ~—CYSCSCit 

2 | 8TH 2.67 

CS 
e |i a 

u ee ae ee ee eee 

* Time is based on crystal oscillation for timer 32.768 kHz. | 
= INTERRUPT It is controlled by Interrupt Enable E/F (/E F/F) whether 


There are interrupt caused by the timer/counter or the in- 
puts. Each interrupt factor has the interrupt request F/F and 
the request is latched into this flip-flop when it is generated. 
If an interrupt can be accepted, the interrupt is generated. 


an interrupt can be accepted or not. : 
Figure 23 shows the interrupt block: diagram and Figure 24 
shows the interrupt timing chart. 











TIFO 
TIO To Status F/F 
To Status F/F LE 
Leading Pulse /E 
INT Se lareaaeeapgasagr > 
a) i) Db: »: OF Llc SEIE 
«68 t e 
{ r---4 ° 
os) f : |. SEIFO REIE 
O 6 | 
Por ! Da REIFO | 
} 
eee: Ee To Timer/Counter (Refer to Figure 21) WRI 
TH 
| Status F/F TIFI—T )}-—To Status F/F D> Da LS pat 
Leading Pulse Dr 
INT : ‘Caasenee = 2. 
ODP of =~ all Ee 
C t 
as HE D 
' REIF1 Interrupt 
i ' Request 
2 ee 5 rom Timer! on ) hace 
ounter : 
(Refer to Figure 21) Mask Signal) 
/RT 
‘1FO,1F1 =: Set has priority over Reset. | 


Figure 23 


The status is unchanged. (The interrupt is different from 
general CAL in regard to this matter.) | 

Stacking of registers is performed by the program. Returning 
from the interrupt routine is performed in the same way as that 
from normal subroutine. But it is convenient to use RTNI (Re- 
turn Interrupt) which sets the I/E simultaneously with RTN. 

An interrupt is generated irrespectively of the condition of 
stack registers, so enough stack registers are needed. 

TF, IFO, or IF1 is flip-flop where the set has priority over 
the reset. It is not reset when the reset instruction is issued 
simultaneously with OVF of the timer/counter or the leading 





D F/F (Delayed by One Instruction Cycie) 


Interrupt Circuit Block Diagram 


edge of the input, though the interrupt request is generated 
and latched into I/RI or I/RT. 

The interrupt processing caused by the interrupt generation 
is basically the subroutine jump and the jumping location in 
memory is fixed as: 

Interrupt of the timer/counter 

Bank 0 page 0 address 3F 

Interrupt of the inputs 

| Bank 0 page 1 address 3F (01—3F) 
In addition, 
The saving operation of PC > ST1 > ST2 > ST3 > ST4. 


(00—3F) 
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I/E reset 


@ Interrupt of the Inputs 

Two pins INTg and INT, have the interrupt request func- 
tions. They have the leading pulse generation circuit and the 
interrupt mask F/F (IFO, IF1). When IFO or IF1 is reset, the 
interrupt request is able to generate interrupt mask release. 
When INTy or INT, changes from “0” to “1” (“Low” level > 
“High” level), the leading pulse is generated and generates the 
interrupt request. When IFO or IF1 is set, the interrupt is 
masked. 

The interrupt request generated by the leading pulse is 
latched in the interrupt request F/F on the input side (I/RI). 
If interrupt Enable F/F (1/E) is “1”, the interrupt is generated 
immediately and I/RI is reset. But if Interrupt Enable F/F 
(I/E) is ‘O”, I/RI is held at “1” level until it gets into the 


One Instruc- 
tion Cycle 


Prescaler 
PC 


Execution 
Instruction 


Timer/OVF 
TF 
URT 


INT 


VE 


Input Interrupt 


PC 





Execution Instruction 


Instruction 
INT, Input 


Leading 
Pulse 


IFO 


" (eee ae 


LCD—IV (HD613901) 


Interrupt Enable state. 

IFO, IF1, INTp and INT, can be tested by the program. 
Therefore, they can also be used as normal input pins or latch 
pins of momentary pulse input. 

The interrupt pulse width (at both “High” and “Low”. 
levels) should be more than two-cycle. 


@ interrupt of the Timer/Counter 

The interrupt request of the timer/counter is latched into 
the interrupt request F/F of the timer (I/RT). Then I/RT 
operates in the same way as I/RI, but the interrupt of the 
input has priority over that of the timer. Therefore, the input 
interrupt is serviced when both I/RI and I/RT are at “1” level 
(interrupt requests are simultaneously generated). During the 
input interrupt, I/RT remains set. Thus, after the input inter- 
rupt, the timer/counter interrupt can be serviced. 


irr aa 
Timer/Counter- 







pa an Subroutine — —- a 
in Address | jin Address mj Jump in Address jin Address pjin Address q 
— ST 1) 4 


IN 
. TT INT ae ae 
Processing 


Figure 24 Interrupt Timing Chart 
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# LIQUID CRYSTAL DISPLAY 


@ Liquid Crystal Display Circuit 
The LCD-IV can directly drive the liquid crystal display 
panel of static, 1/2 duty factor, 1/3 duty factor and 1/4 duty 


factor. 


Ro , Rs; 








Rao. Rar Reo X,Y 
— 
O 
Z z 
0 $ 
= @ 
-< 
x 
> 
< 
J 
o. NISPLAY 
Oe or (a) 
CONTROL 
CIRCUIT 


LATCH CLOCK 
COMMON DATA 


LCD DRIVER 
= CIRCUIT 





ALTERNATING 
SIGNAL (M) 


COM: 
COM2 
COMs 
COM, 





SERIAL DATA 


32-BIT SHIFT REGISTER 


) 
WW 
” 


ADDRESSING 


The LCD-IV has 4 common signal pins and 32 segment 
signal pins. Further, if liquid crystal driver LSI (HD44100H) is 
connected to the LCD-IV, up to 96 segment signal pins can be 
extended externally. Thus, in addition to the internal 32 pins, 
total 128 segment signal pins can be driven. 


S1 BUS 


$2 BUS . 











O SERIAL SEGMENT DATA 
(D 


SEG 


a 
Oo. 
Ww 
7) 


Figure 25 Liquid Crystal Display Circuit Block Diagram 


Display is automatically executed by writing segment data 
into RAM. The RAM reads segment data bit by bit sequentially 
every one instruction cycle upon receiving address signal from 
the display counter and the control circuit. Every time common 
signal is scanned, the RAM reads 128-segment data (SEG, to 
SEG,23), which is correspond to common signal selected at 
the next time. Scan of common signal is executed every 256- 
instruction cycle. Therefore, the data which corresponds to 
128-segment is read twice at the same time. The serial data read 
is converted to parallel data by the shift register and latch, con- 
verted to LCD drive signal by the liquid crystal driver and the 


output from a segment pin. 32-segment (SEG, to SEG; ) out 
of 128-segment serial data is used within the LCD-IV, and the 
rest (96-segment) is output to liquid crystal driver LSI HD- 
44100H which is connected to the LCD-IV and is converted to 
LCD drive signal in the HD44100H at the time of designation 
of with liquid crystal segment output extension. Cycle of the 
latch clock is 256-instruction cycle in the LCD-IV. In the case 
of dynamic drive, data at the common side changes synchro- 
nously with the latch clock. These display operations are all 
executed regardless of program. 
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fag 256 Instruction Cycle» 
One Instruction Cycle 


Display Data Aelia kena 


Serial Segment 


Data (DP SEG (SEY SEG YISEGYSEG SEG a9 fSEGu {SEG JSEGYSEG SEGA XSEG.»{SEGnYSEGuYSEG a 
External Shift | | | 
Clock (CL, ) 


External Latch 


Clock (CL, ) ee [Ney ead ee oe ee? Seee | eee 
Alternating | 
Signal (M) (eee eee eee 








> aay ese 





Figure 26 Display Data Timing Chart 
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Shift Resister 


Segment Data 


Static 


1/2 Duty 


1/3 Duty 


1/4 Duty 


Shift Clock 


Latch Clock 


One Instruction Cycle ~ 





Serial Data — 


eee ma mina nm mlml nme Oe 
CI eos Bo Le Ee oe Ee “bad Lo 





COM, All outputs are available 


because of the same 


COM, | | | | | | | |_| j | waveform outputs 


1 Frame | 


Common 


_ 7 7 7 Symbol Both groups 
CoM, — are available 


because of 


the same | 
COM, Ly Lo Los Lo waveform 


Common 
COM, 
a 1 Frame x | 


Symbol outputs 
COM, | a | ee 
COM, eas Common 
Te L  L_[ Svmbo 
CON, era er a 
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Figure 27 Liquid Crystal Display Circuit Timing Chart 
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@ Liquid Crystal Display Mode Setting Registers 
For selection of the liquid crystal display mode, data I/O registers of R4, RS and R6 are used. 


Table 9 Function of Liquid Crystal Display Mode Setting Registers 


Cra [Re [eto 
a a 
SO 
apo 
ie ef 








Selection of liquid crystal | 
display duty factor (Rao, Ra;) 


1/3 duty 
1/4 duty | | 


To be extended (Outputs display data from Channel R1) 
Not to be extended (Channel R1 becomes an ordinary 4-bit data 1/0.) 
Outputs RAM data for liquid crystal display as segment signals. 


Segment signals become non-selection status (blanking) regardless of RAM 
data for liquid crystal display. . 


Function varies with liquid crystal display duty factor. 


Do not set in this state. 


With crystal for timer, with internal halt, X!, XO 























Designation of with or without 
liquid crystal segment output 
extension (R42 ) 







Liquid crystal display blanking 
signal (Reo) a URS 

















RAM designation for liquid 
. erystal display (Reo, Rs; ) 












Selection of 
halt function 
and oscillation 







oo for | Lee dl Without crystal for timer, D,4 and D,s5 are general 1/0. 
ees eae With crystal for timer, without internal halt, XI, XO. 












1/0 state Enable: | 
at halt 


(NOTE) Liquid crystal display mode at resetting. 
Since all bits of registers R4, RS and R6 are set to ‘'1’’ by the reset function, display mode after resetting becomes as shown below: 
Liquid crystal display duty factor: 1/4 duty (Rao = 1", Ray '1"') 
Liquid crystal segment output extension: Not extended (Raz = ‘'1’’) 
Designation of liquid crystal display blanking: Display blanking (Rep = ‘'1"’) 
Designation of RAM for liquid crystal display: Varies correspond to each liquid crystal display duty factor. (Reo = ''1'', Ray © ''1"") 
Designation of crystal for timer and internal halt: With crystal for timer, without internal halt (Re, = 1", Res 01"), 
1/O state at hait: 1/O state at halt becomes disable (R,; = 1"). 
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© Relation between Display RAM and Segment Data 

In the LCD-IV, 4 types of display duty factor (static, 1/2 
duty, 1/3 duty, and 1/4 duty) can be selected by programs, 
and correspondence between RAM bits and segment data - 
changes according to these duty factors. 
Cane shows segment signal output from the LCD- IV. 





vcuy aaron com 


; wewso | we 
| | —-teeae teees {seas seq com, 





"2 |SEGso | SEGas | SEGre | SEGsy | COM: 
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4] S€Gus [SEGes |SEGaz [SEGer + COM: 
5 [SEG [SECs |SEGer |SEGs: |- COM, 
[6 ]S€Ga [SEGe7 |SEGee |SEGas | COM, 
[S€Ges |SEGer [SEGeo |SEGas |- COM: 

8 _|SEGs2 [SEGs: | SEGso [SEGee | COM: 
Gs1 [SEGso [SEGa |- COM2 

SEGs5 | SEGsa | | SEGs3 | COM; 
| [THT ]SEGe6 |SEGss |SEGes |SEGsy ~- COM2 
[12 TSe Geo [SEGse |SEGse | SEGe7 COM, 
[13 1SEGe0 [SEGs» |SEGse [SEGs7 |- COM? 
[14] SE Ges [SEGes | SEGer [SEGe | COM: 
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Figure 28 Relation between RAM for LCD & teen tere See tee sel Ea tee 
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Figure 29 Relation between RAM for LCD & 
Segment Data (1/2 Duty, 1/2 Bias) 
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RAM Address [SCS RAM Address 
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Figure 30 Relation between RAM for LCD & Segment Data (1/3 Duty, 1/3 Bias) 
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RAM Address . 
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10 SEG 123, SEG123| SEG123 
| 11 | SEG124] SEG124| SEG 124] SEG124 
2 baa ae ae 
13 [SEGr20| SEG 2e| SEGrae 
14 SEG 127| SEGi27 SEG127 Sees 
15 |SEG128| SEGi26 
24 COMs COMs COM: COM: 
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SEGes 
[SEGes |SEGee |SEGes | SEGee 
SEGe7 | SEGe7 

















[8 | S€610 [SEGr0 |SEGr0 |SEGro | 
é 

SEGr 
SEGrs 

SEG 


10] 
11 |SEGr6 |SEGre [SEGre_ 
32 [SEG |SEGr7 [SEGr7 [SEG | 
13 |S€Gre |SEGre | SEGre |SEGre 






















”n 


SEGee | SEG 


ae SEGc SEGs7 | SEGa7 


SEGo0 [SEGe 
8 en SEGeo9 | SEGeg | SEGso 

SEGs0 | SEGs0 | SEGa0 | SEGo0 | 
10_|S8Ger[StGs [Seen [SEG 
| SEGo2 | SEGoe2 | SEGo2 | SEGo2 


afer: [seen [Sees [See 
ce 
a 



































Relation between RAM for LCD & Segment Data (1/4 Duty, 1/3 Bias) 


LCD—IV (HD613901) 






—, 4 Digits 


U| ka 
L_]. with symbols mv 






Vcc 


Vico 


(Static) 





(1/2 duty, 1/2 bias) 












: 10 Digits 


mC] 
-— E CI. with symbols 





(1/3 duty, 1/3 bias) 


4 
4H 16 Digits LCD 
Vcc - ; 
VLcCD 


(1/4 duty, 1/3 bias) 


Figure 32 LCD Wiring Samples 
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LCD—IV (HD613901) 





@ Extension of Display Function | 

Number of display digits can be increased by externally con- 
necting an LCD driver LSI HD44100H to the LCD-IV. 

The HD44100H consists of shift registers and latch and 
liquid crystal drive circuit. When connected with the LCD-IV, 
the HD44100H is used as a circuit for segment. In the LCD- 





1 Instruction Cycle 


256-Instruction Cycles 


IV, 128 segments display data is sent to the 32-bit shift register 
from RAM constantly. When Ra, is set to “0”, the R1 channel 
outputs the 32nd stage output D of the shift register, shift clock 
CL,, latch clock CL, and AC signal M. Therefore, up to 96 seg- 
ment pins of SEG33 to SEGi2— can be added by directly 
connecting the HD44100H. 





R, Dispobay i t 


seGn  SGu  S&Gn J) SEG:XSEGis BEGaf SEGn J SEGn X//SEG,ASEGn SEG rif SEG} SEGn SEG 
Data(D) 
External Shift Clock TLL, A__A,_ 


Channel! Data 


R13 Serial Segment 


R11 (CL2) 


R10’ Alternating | 


Signat (M) 


® RESET FUNCTION 
The reset is performed by setting the RESET pin to “1” 
(“‘High” level) and the LCD-IV gets into operation by setting 
it to “O” (““Low” level). 
Internal state of the LCD-IV are specified as follows by the 
reset function. 
e Program Counter (PC) is set to Bank 1 Page 63 Address 3F. 
e IR/I, IR/T, I/E and CF are reset to “0”. | 
e IFO, IF! and TF are set to “1”. 
e Data I/O Registers and Discrete I/O Latches (R1, R2, R3, 
Do to Djs) are all set to “1”. 
e Bank Register R79 is set to “1” (Jumps to Bank 0 by. execu- 
+ tion of LPU instruction after the reset). 
e Liquid Crystal Display ..... all bits of display mode setting 
register (Data I/O Register) R4, R5, R6 are set to “1”. 
(Note) All the other logic blocks (the Stack Registers, the 
Status F/F, the accumulator, the Carry F/F, the 
registers, the Timer/Counter, RAM) are not. cleared 
by the reset function. 


® HALT FUNCTION 

The LCD-IV is provided with halt function. The halt func- 
tion reduces power consumption in the halt state by tempo- 
rarily stopping all statuses including RAM. When halt is released, 
operation restarts from the state before the halt. 

HALT state is kept 16-instruction after receiving halt releas- 
ing signal. (Internal, External) 

The user can select one of the following I/O status at the 
time of halt based on the “MASK OPTION LIST” when 
ordering ROM: 

i) All I/O statuses are kept as the state immediately before 

the halt. 

ii) All I/O statuses are held in the high impedance state (both 

PMOS and NMOS are off, and pull-up MOS is off). 

There are the following two types of halt : 

1) External Halt (Halt state is generated by using HLT pin) 


sa 


All operations stop when the HLT pin is set to _the “0” 
level (Low). When the HLT pin is set to the “1” level (High), 
operation restarts from the state immediately before the halt. 
2) Internal Halt (Halt state is generated by programs) 
The user can select availability of internal halt at. ROM 
ordering based on the “MASK OPTION LIST’. When 
internal halt is selected, timer crystal should be attached 
externally. Therefore, the D,4/XO and D,./XI pins should 
not be used as general I/Os, but as XO and XI pins for con- 
necting crystal oscillator. 
Resetting of the D,, latch by RED instruction generates 
internal halt state. 16Hz overflow signals are output from the 
prescaler if a crystal oscillator of 32.768kHz is connected to 
the D,4/XO and D,s5/XI pins. When an overflow signal is 
issued, the D,., latch is set to “1” from “0”, the LCD-IV 
returns from halt state, adds 1 to the timer register, and 
execution restarts from the instruction next to the RED 
instruction. 
Note that external halt caused by the HLT pin cannot be 
released by prescaler overflow signals. 


(Caution at the halt) 


When the LCD-IV goes into halt state, segment pins 
(SEG, to SEG3.) and common pins (COM, to COM.) 
become the same potential and display goes out. However, 


in order to reduce power consumption during halt, dis- 
connect the voltage applied to liquid crystal power supply 
V3. Since there are dividing resistors among V,, V2, and 
V3, current of up to SOuA flows if voltage is applied be- 
tween Voc and V3 in the same way as normal operation. 





Overflow signals of the prescaler return the LCD-IV from 


internal halt. 
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Becomes hait state after executing RED 
instruction and the halt is maintained 


LY! 15 until a prescaler overflow signal is issued. 
LY| 0 

TD 

BR +—4 


The LCD-IV returns from hait state by a pre- 
scaler overflow signal and operation restarts 
from LYI instruction. With this program, . 
unless the Do pin is set to 0’, internal 

halt state occurs repeatedly. 


Figure 33 Program example in the Internal Halt Mode 


Progam Ore ee . 
Counter 2-1 X 0X Le CET NS 


ROM. SSS se ee 





Address —— a! ers oT 
ROM ni7 n+1 ( on XK n+ 
Halt State 

Halt Signal ee eee 
Prescaler 
ves ssn 
Signal 

Figure 34 Internal Halt Timing Chart 
@ CRYSTAL OSCILLATION CIRCUIT FOR TIMER D,4/XO and D,s5/XI pins, user can set the prescaler clock to 
The user can specify whether or not the timer crystal should 1,024Hz and timer interrupt cycle to max. of 1 sec. 


be externally attached by the “MASK OPTION LIST”. By 
externally attaching a crystal oscillator of 32.768kHz to the 


(NOTE) 

The crystal oscillator, resistor R, Rd and load . 
capacitor C, and C; should be placed as close 
as possible to the LCD-IV. Induction of ex- 


Rd Ci 








LCD-IV — c ternal noise to 014/XO and Dis /X! may 
D,. /XI 32.768kHz disturb normal oscillation. 
15 


This circuit is the example of the typical use. 
As the oscillation characteristics is not guar- 
anteed, please consider and examine the 
circuit constants carefully on your application. 


Figure 35 Crystal Oscillator Circuit 


With or without , 


Pins for attaching Prescaler clock is set to 1,024 Hz and the over- 
aise ete ’ crystal. Cannot be flow signal to 16 Hz. Up to 1 second can be set 
: used as general I/O. as the timer interruption cycle. 


The prescaler clock becomes a typ. of 
Used as general |/O 100kHz, and the timer interruption cycle 
can be set to maximum of 97.66Hz. 


Prescaler clock is set to 1,024 Hz and the over- 
Pins for attaching flow signal to 16 Hz. This signal performs the 


(Without crystal) 


2 /External halt Internal clock of LS! 








eau See crystal. Cannot be LCD-IV return from internal halt. 


used as general |/O. (Return from external halt is not possible by the 
prescaler overflow signal.) 
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® MASK OPTION 
The following type mask option is available. 


@ 1/0 Pin Format.......... Select one of A, B or C. 
.A: Without pull-up MOS 
B: With pull-up MOS 
C: CMOS output 
(Note) External input is not permitted if CMOS output is 
selected in the case of I/O common pins. 
@ 1/O Status in the Halt State. . . . Select Enable or Disable. 
Enable —- Output .. . . Maintained in the status before halt. 
} Pull-up MOS ... ON 
Input .. . Unrelated to halt state 
(Since Pull-up MOS is ON, if halt occurs when out- 
put is “0” (Low) level (NMOS; ON), pull-up MOS 
current always flows. If input changes, transient 
current flows through the input circuit. Also, current 
flows through the input pull-up MOS. These currents 
are added to standby power supply current (or halt 


current). ) 
Disable-- Output .. . NMOS output; OFF 
CMOS output; High impedance 
(NMOS, PMOS; OFF) 


Pull-up MOS... OFF 

Input... Input circuit; OFF 

(Both input and output become high impedance 
state. Since the input circuit is turned off, input 
change does not lead to flow other than the standby 
power supply current or halt current.) 


m™ PRECAUTION WHEN USING HALT FUNCTION 


1. Please set the LCD-IV halt state before resetting it in timing shown 

below, when resetting the LCD-IV under condition below: 

Liquid crystal display duty: Static or 1/2 duty, 
Display RAM file (Register R5,, Rsp): (0,0) or (0,1) or (1,0). 


LT signal 


RESET signal 


© With or without externally attached Timer Crystal 
Without timer crystal ... 
The D,, and D,s can be used as general I/O pins. 
Select one of A, B or C in the D,4/D,s column of the 
I/O format specifications. 
With timer crystal . . 
The D,,4 and Dis cannot be used as general I/O pins. 
Therefore, leave the D,4/D,; column in blank. 
@ With or without Internal Halt 
With internal halt ... 
When internal halt is specified, the timer crystal must 
also be specified. 
Without internal halt .. . 
“Without internal halt’? can be specified regardless of 
existing the crystal for timer. 
@ OSCILLATION CIRCUIT 
The user can specify a resistor, or a ceramic filter or an 
external oscillator. 





testi 


(Note) » testi: RESET pulse width (1) 
e Tinst: Instruction cycle time 


2. REASON © 
RAM data is destroyed at resetting according to the setting way of 
liquid crystal display duty or display RAM file (refer to the table 
below). 


RAM data destroyed 


Liquid crystal 


display duty 


| Display RAM 
file 


“0, 0 or 0 


=0, 0 or 0 


Static or 1/2. duty 
(Registers R41, 


| 1) 
Registers R51, R50 


RAM data retained 


1/3 or 1/4 duty 
R40 (Registers a R40 


- Registers oe R50 


lor 1, 0)]| =I, 1 
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® INSTRUCTION 


Instructions are listed according to their functions. 
Each mnemonic code and function is shown in this table. 










































Register 
to Register 
Y 
xX 
Y 
Y+17 Y NZ 
RAM Y-12Y NB 
Address Y+A>Y Cc 
Y-A 7 Y NB 
X<> SPX 
Y= SPY 
X<SPX, Y <> SPY 
LAM (XY) M> A (XY SPXY 
LBM (X Y) M>B (XY< SPXY) 
Register XM A (X Y) M<A (XY< SPXY) 
RAM X MB (X Y) M<B (XY< SPX /Y) | 
LMAILY (X) A>M, Y+1 7 ¥(X<>SP X) NZ 
LMADY (X) > WM, Y-1 > Y(X<>SPX) NB 
LMIILY i 2 NZ 
Immediate LAI i >A 
LBIi i i> B 
Ati 7A C 
B+1 > 8B NZ 
B-1->8 NB 
M+A+C(F/F) > A C 
M-A-C(F/F) > A NB 
M+A > A Cc 
Decimal Adjustment (Addition) 
Arithmetic Decimal Adjustment (Subtruction) 
+17 A 
> 8B 
> C (F/F) 
> C (F/F) 
Test C (F/F) C (F/F) 


Rotation Left 
Rotation Right 
AU BoA 


(to be continued) 
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Group 


Compare 


RAM bit 
Manipulation 


ROM 
Address 


Interrupt 


Input/Output 
(Display Control) 












M * i 
Y xi 
A XM 
B*M 
Asi 
A<sM 
B<M 
n 1 > M(n) 
REM n 0 > M(n) 
™M n Test M (n) 
BR a Branch on Status 1 
CAL a Subroutine Jump on Status 1 
LPU u Load Program Counter Upper on 
Status 1 
TBR p Table Branch 


Return from Subroutine 





4 


TF 
CF 
VE 
1FO 
1F 1 
TF 
CF 


(ee ame ae ae ae 


cocoa oefef=]+ = 


IN To 
Test INT, 
Test IFO 

Test 1F1 

Test TF 

i —> Timer/Counter 
A —> Timer/Counter 
Timer/Counter > A 
Return Interrupt 
12D (Y) 
0-D (Y) 

Test D (Y) 
17>D = (pn) 
0>D (n) 

Rip) > A 

R(p) > B 

A > R (p) 

B > R (p) 

Pattern Generation 


[NOP ——SSS*d:CN Operation 


4 
@ 
wn 
ot 


(NOTE) 1. (XY) after a mnemonic code has four meanings as follows. 
Mnemonic only Instruction execution only 
Mnemonic with X Instruction execution, X <> SPX 
Mnemonic with Y Instruction execution, Y <> SPY 
Mnemonic with XY __ Instruction execution, X <> SPX, Y <> SPY 


[Example] LAM 
LAMX 
LAMY 


M-?>A 
M >A, X <—>SPX 
M—>A, Y <> SPY 


LAMXY M—> A, X <>SPX, Y <>SPY 
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__Mnemoniccode | Function 


Status 


INT, 
INT, 
I Fo 
IF, 
TF 


D(Y) 
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2. Status column shows the factor which affects status by the instruction of status change. 


IY Zotessccentcs ALU Not Zeto 

Co ses cabs ALU Overflow in Addition/Carry 

NB .......... ALU Overflow in Subtraction/No Borrow 

except above .... Content of status column affects status directly. 


3. Carry flip-flop is not always affected by executing the instruction which affects the Status. 


Instructions which affect Carry flip-flop are eight as follows. 


AMC SEC 
SMC REC 
DAA ROTL 
DAS ROTR 


4. All instructions except for P are executed in single cycle. 
P is executed in 2 cycles. 


The Difference between LCD-II! and LCD-IV 


(Program Memory) 
4,096 words 






(Program Memory) 
2,048 words 

(Pattern Memory) 
128 words 


160 digits 


10us/cycle 
7 ‘Reset Address 


(fcp = 400 kHz) 
Bank Register 
(ROM 
Addressing) 


Absolute Maximum 
Rating Vt2 for 

Pin Voltage of 

Open Drain Configu- 
ration Output Pins 


Cycle Time 
(Vcc = 5V+10%) 


Stored Reset 
Circuit (Power- 
on Reset) 


Selected by Mask Option List 


(Note) But when program evalua- 
tion with HD44797E, set 
up the option with the 
register as LCD-IV. 


Select Option 


Crystal for 
Timer 
Internal 
Halt 


1/O Condition 


at ‘‘Halt’’ state 


Refer to the manual as for circuit 
constant of resistor oscillation and 


Oscillator ceramic oscillation. 


No Bank Register 


—0.3 to| +10.0V | 


and !/O Common 
Pins 


HITACHI 


(Includes Pattern Memory) 


256 digits 


5 us/cycle 
(fop = 800 kHz) 


When ordering ROM, selected by Mask 
Option List or by program using internal 
register R6. 


(Mask Option List + Program) 


(No crystal for timer) 
(With crystal for timer) 


(With internal halt) 
(No internal halt) 


(Enable) 
(Disable) 


Circuit constants of resistor oscillation and 
ceramic oscillation are undecided. 
(As for low voltage operation board 
(Vcc = 2.5 to 5.5V), undecided that 
seramic filter can be used or not.) 


63—3F (Bank 1) 
ROM is divided in 2 Banks. 


When call or branch: 
to other Bank, execute 
CALL or BRL after 
changing Bank Register 
(R7). 
R., =0 (Bank 1 side) 
R, = 1 (Bank 0 side) 


—0.3 to | Vcc + 0.3V 


(same as Vy) 


(to be continued) 
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Voltage Vin of 
Open Drain Con- 
figuration Output 
Pins and !/O Com- 
mon Pins. 
















Maximum Total 
Output Current (1) 
~101 







Maximum Total 
Output Current(2) 
2102 


Supply Current(1) 3 MA max (fog, = 800kHz) 
pw Ice1 (Vec = 5V) 1.3 mA max (fos: = 400kHz) 1.5 mA max (foss = 400kKHz) 
2 mA max (fog, = 800kHz) 


1 mA max Ee oh enna aac = ADORE = 400kHz) 









Supply Current(2) 
lcc2 (Voc = 5V) 









0.6 mA max (fog. = 400kHz) 





Supply Current(2) 
Current(2) 








120 wA max 









Pull up MOS 
Current 












Vec = 3V, 15 S_Ip <80KA Vec = 3V, 10 S —Ip © 100 uA 


Supply Current Icc 
Vec = 3V, fose = 

200kHz, R¢ Oscilla- 
tion, External clock 





Standby Supply 
Current(2) 










Vec = 2.7 to 3.3V;21 uA max Vec = 3.0V; 21 WA 


@ HITACHI 
1264 Hitachi America Ltd. © Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 





LCD—IV (HD613901) 





LCD-IV Mask Option List 


0 5V Operation Dept. 
Name 
te Mark “\/ in“ for the selected spec. ROM CODE ID 


LS! Type Name 
(entered by Hitachi) 





(1) 1/0 Option 


1/0 A 
| 


—_—| = 
~~ 





SL 





EEL 





3 3 [2 = 
>=] T= 


= 
1) 


HITT NWN 


IN 


* Specify the |/O composition with a mark of ‘‘O”’ in the applicable composition column. 
A: Nopull up MOS~ B: With pullup MOS = C: CMOS Output 
(2) Other Options 





External Crystal for Timer 0 Yes 


(NDK : MX-38T) D,4 and Dys become XO and Xt}. 
Do not enter anything in {/O option 
column of D,4 and O,s. 


Internal Halt CJ Yes 


When selecting Crystal for Timer 
and Oscillator except ceramic filter. 





* Mark ‘“/’ in ‘’O)” for the selected spec. 


Check list of Application 


[A] Oscillation (for System Clock) 















| Resistor | OR = 62K + 2% 
G 800 kHz : (1400 kHz a ees 
D fop = 130K to 1000 kHz D fop = 130K to 300 kHz 


Mark ‘“/" in OO” for the selected oscitlation. 


{B}] External Halt 







C) Used (Recovery with Reset) 


2 Used (Cannot be recovered) 


% Mark ‘\/" in 0" for the selected spec. 






External 
Hait Mode 
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—Advance Information— 


HD404508, HD4074509-—___- 


Description 


The HD404508, HD4074509 is a CMOS 4-bit 
single-chip HMCS400 series microcomputer 
providing high program productivity. It is 
suitable for a digital tuning system by virtue 
of its PLL frequency synthesizer with 160 
MHz prescaler, IF counter, A/D converter, 
and LCD driver incorporated in addition to 
ROM, RAM, I/O, timer, and serial interface. 
The HD4074509 is a ZTAT microcomputer 
incorporating PROM. It can dramatically 
shorten system development period and 
provide a smooth transition debugging to 
mass production. 


Features 


@ 4-bit CPU (HMCS400) 
@ 8192 words x 10 bits ROM (HD404508) 
@ 16384 words x 10 bits programmable 
ROM (HD4074509) (Program specification 
is compatible with 27256 type.) 
@ 512 digits x 4 bits RAM 
e I/O ports 
—I/O ports: 29 
—Input ports: 2 
—Output ports: 16 (multiplexed with the 
LCD segment pins) 
@ PLL with prescaler (max. 160 MHz) 
—12 programmable reference frequency 
—2-modulus prescaler (1/32, 1/33) 
~-Phase comparator 
—PLL lock detection circuit 
@ LCD driver 
—Display duty: static, 1/2, 1/3 
—Segment signal output pins: 28 (includ- 
ing 16 multiplexed pins with R ports) 
—Common signal output pins: 3 
@ IF counter 
—Gate time: 1 ms, 4 ms, 8 ms, © ms 
—Maximum input frequency: 15 MHz 
Two clock synchronous SCIs 
A/D converter (8 bits x 2 channels) 
Three timer/counters 
—8-bit timer (multiplexed with reload, 
event, PWM) 
—8-bit timer (multiplexed with reload, 
event) 
—20-bit timer (free-running, 125 ms 
interrupt) 
@ Instruction cycle time: 1.8 us 


@ Subroutine stack: 16 levels including 
interrupts 

@ Five external and six internal interrupts 

@ Package: 80-pin flat plastic package (FP- 
80B) 


Program Development Support Tools 


@ Cross assembler and simulator software for 
use with IBM PCs and compatibles 


@® Incircuit emulator for use with IBM PC 


@® Programming socket adapter for program- 
ming the EPROM-on-chip device 





Ordering Information 


Part No. ROM (Words) 


HD404508FS 8192 
(Mask ROM) 


16384 
(PROM) 


Package 
FP-80B 


HD4074509FS 
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Pin Arrangement 


SEG28/R5o 
SEG27/R5; 
SEG26/R52 
SEG25/R53 
SEG24/R65 
SEG23/R6, 
SEG22/R62 
SEG21/R63 
SEG20/R7 > 
SEG19/R7; 
SEG18/R7>2 
SEG17/R73 


64| J{SEG16/R8 0 
63{ |SEG15/R8, 
62] |SEG14/R82 
611 |SEG13/R83 
60|_|SEG12 
Jeot ye 59|_JSEG11 
dé, LJ}? 681 _J}SEG10 
é2 L_]8 57|_JSEG9 
Vec(PLL)L_ je 56] |SEG8 


PLL(D)| }10 
PLL(P)|_j11 
RESET} |12 


55{| |SEG7 
541 |SEG6 
531 |SEG5 


GND(PLL){__ 13 52) _|SEG4 
INT2/Do|_}14 511 _JSEG3 
INT3/D, | 15 50|_|SEG2 
INT4/D2L_|16 49} _|SEG1 

D3] j17 481 1Vcc 
Da |_| 18 47 & R4,/INT,/Tl. 
Ds(_]19 46 |R40/INTo/Th 
DeL_]20 45 |_}R32/TO, 
D7L_}21 441 JR3, 
SCKi/DeL_]22 431 ]R3o 
Sl,/Dol_]23 42] JR2;3 
SO,/DioL__|24 41] |R22 


SCK2/Di1L_}25 
Sl2/Di2_}26 
$02/Di3L_|27 
OSC2{  }28 
OSC;|_}29 
GND[_|30 
ROo{ _}31 
RO; | 32 
RO2L_]33 
RO3] | 34 
Rio| 435 
R1,] 436 
R12} }37 
Ri3i | 38 
R2ol_} 39 
R2,1_}40 


(FP-80B) © 


(Top View) 
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69c1 


IHOV.LIH @ 


SEG13/R83 
SEG14/R82 
SEG15/R8; 
SEG16/R8> 
SEG17/R73 
SEG18/R72 
SEG19/R7, 
SEG20/R7o 
SEG21/R63 
SEG22/R62 
SEG23/R6, 
SEG24/R60 
SEG25/R53 
SEG26/R52 
‘SEG27/R5, 
SEG28/R50 


R4,/INT;/Tlo 
R4,/INTO/Th, 
TO,/R32 


R3; 
R30 


R23 - 


R22 
R2, 
R20 


R7 





Sa 
Oo a y ~ 
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Pin Function 
Power supply 


Vec: Power supply voltage (+5 V) is applied 
to Vcc. ? 
GND: Connected to the ground (0 V). 
Vec(PLL): Connected to power supply for 
PLL (+5 V). 

GND(PLL): Connected to the ground for PLL 
(OV). 


Test 


TEST: Input for a factory test mode. 
, Connected to the Vcc tor normal operation. 


Reset 
RESET: RESET resets the MCU. 
Oscillation 


OSC1, OSC2: Input pins for the crystal oscil- 
lator circuits. Connected to the 4.5 MHz crys- 
tal resonator. 


Ports 


D port (Do-Di3): The D port is an input/out- 
put port accessed on a bit basis. All Do-Di3 are 
input/output pins. Do, Di and D2 are multi- 
plexed with INT2, INT3 and INTs, respectively. 
Dg to Di3 are multiplexed with SCK;, Sh, SOu,, 
SCKz2, SIz, and SOz, respectively. 








R ports (RO-R8): The R ports are input/out- 
put ports accessed in 4-bit units. 

However, R3 is a 3-bit port and R4 a 2-bit 
port. RO to R3 are I/O ports; R5 to R8 output 
ports; and R4 an input port. The pins R32, 
R5o0,-R83, R40, and R4i are multiplexed with 
TOi, SEG28-SEG13, INTo/Th, and INT,/TI2, 
respectively. 





Interrupt 


INTo, INT:, INT2, INTs, INT: External 
interrupts for the MCU. These five pins are 
multiplexed with R40/Th, R4:/TIz, Do, Di and 
D2, respectively. 


Serial communication interface 


SCK:, SI:1, SO:1, SCK2, SIz2, SO2: These are 
transmit clock input/output pins (SCK:i, SCK2), 
serial data input pins (Sh, SIz), and serial data 
output pins (SO;, SOz2) used for serial inter- 
face. SCKi, SCK2, Sh, SIz, SO:1, and SO2z are 














multiplexed with Dg, Du, Dg, Diz, Dio, and Dis, 
respectively. 


Timer 


Thi, TIz, TO:: These are external clock input 
pins (Tl, TIz) and timer output pin (TO:) used. 
for the timer. Tl, TIz, and TO; are multiplexed 
with R40/INTo, R4:/INTi, and R32, respective- 


ly. z 





Liquid crystal display 


COM1, COM2, COM3, SEG1-SEG28: Thes 
are the common signal output pins (COM1- 
COM3) and segment signal output pins 
(SEG1-SEG28) used for the LCD driver. The 
sixteen pins from SEG13 to SEG28 are multi- 
plexed with R83-R80, R73-R7o, R63-R60, and 
R53-R50, respectively. 

V1, V2, V3: Power supply pins for the LCD. 


PLL 


PLL (P): An input pin for 160 MHz max. of 
local oscillation output (VCO output). This pin 
becomes active when pulse swallow mode is 
selected during PLL enable. Since an alter- 
nating current amplifier is incorporated, local 
oscillation output should be latched after 
being filtered through a capacitor. 


PLL (D): An input pin for 20 MHz max. of 
local oscillation output (VCO output). This pin 
becomes active when direct dividing mode is 
selected during PLL enable. Since an alter- 
nating current amplifier is incorporated, local 
oscillation output should be latched after 
being filtered through a capacitor. 


#1, $2: These pins are outputs of a phase 
comparator used by the PLL function. The 
same signal is output from ¢1 and ¢2. 


IF counter 


IF: An input pin for intermediate frequency 
measurement. Since an alternating current 
amplifier is incorperated, local oscillation 
output must be latched after being filtered 
through a capacitor. 


AD converter 


ANo, AN: These pins are the AD converter 
input pins. 
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Memory Map 
ROM Memory MAP 


ROM memory map is shown in figure 1 and is 
explained below. 


Vector address area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instruction to branch to the start 
addresses of the reset routine and the inter- 
rupt service routine. After reset or interrupt 
routine is serviced, the program is executed 
from the vector address. 


Zero page subroutine area ($0000 to 
$O003F): Locations $0000 through $003F are 
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reserved for subroutines. The program 
branches to the subroutine in $0000-$003F by 
the CAL instruction. 


Pattern area ($0000 to SOFFF): The ROM 
data in locations $0000 through $0FFF can be 
referred to by the P instruction. 


Program area 
(20000 to SiFFF: nt): 
$0000 to S3FFF: HD4074509 /° 
Locations $0000 through $1FFF, $3FFF can 
be used for program code. 





1} Vector Address 


Zero-Page Subroutine 
(64 Words) 


Pattern 


(4096 Words) 


HD404508 
Program 


(8192 Words) 


HD4074509 
Program 


(16384 Words) 





JMPL Instruction 
(Jump to RESET Routine) 


JMPL Instruction 
(Jump to TIMER3 Routine) 


JMPL Instruction 
(Jump to INTo Routine) 


JMPL Instruction 


(Jump to INT; Routine) 


JMPL Instruction 
(Jump to TIMER 1/INT2 Routine) 


JMPL Instruction 
(Jump to INT3/AD Routine) 


JMPL Instruction 
(Jump to TIMER 2/INT, Routine) 


JMPL Instruction 
(Jump to SERIAL 2/SERIAL 
1 Routine) 


Figure 1. ROM Memory Map 
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RAM Memory MAP 


The MCU contains 512 digits x 4 bits RAM 
comprising data area and stack area. In addi- 
tion to these areas, interrupt control bits, 
special registers, and display data RAM are 
mapped to the same RAM memory space. 
RAM memory map (figure 2) is described in 
the following paragraphs. 


Interrupt control bit area ($000 to $003, 
$020 to $023): The interrupt control bit area 
(figure3) is used to control interrupt. It can be 
accessed only by the RAM bit manipulation 
instruction. However, the interrupt request 
tlag cannot be set by software. The RSP bit is 
used only to reset the stack pointer. 


Special registers area (S004 to S01F, $024 
to SO3F): The special registers are the mode 
registers for external interrupt, serial inter- 
face, and timer, data direction and data reg- 
isters for I/O ports. As shown in figure 2, 
these registers can be classified into three 


types: write-only, read-only, and read/write 
registers. 

Note that some of these registers cannot be 
accessed by the RAM bit manipulation 
instruction. 


Data area ($040 to SO1FF): The memory 
register (MR), 16 addresses deep ($040-$04F), 
can be accessed by the LAMR and XMRA 
instructions (figure 4). 


Stack area (S03C0O to SO3FF): The stack 
area is used for saving the contents of the 
program counter (PC), status (ST), and carry 
(CA). This area can be used as a 16-nesting- 
level subroutine stack in which one level 
requires 4 digits. The data to be saved and 


. gave conditions are shown in figure 4. The 


program counter is restored by the RTN and 
RTNI instructions. Status and carry are res- 
tored by the RTNI instruction only. Any space 
not used is available data storage. 
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8) $000 
RAM-mapped Register 

63 $03F 

64 $040 
Memory Register (MR) 

79 (16 digits) $O4F 

80 $050 


(448 Digits) 





511 $1FF 
512 $200 
927 Fe $39F 
928 $3A0 

LCD Data 

(28 Digits) 
955 $3BB 
956 $3BC 
959 $3BF 
960 $3CO 

Stack 

(64 Digits) 

1023 $3FF 


B_ : Bit Set/Reset 
R_ : Read Only 
W_: Write Only 
R/W : Read/Write 
+1: Two registers are mapped 
on the same address. 


$oos{_PCRC_ RJ. PCRB EW 





$028 IFC2 oR IFC1 'W 


+2: SEM/SEMD and 
REM/REMD instructions 
can be used for 
these registers. 

«3: TM/TMD instruction 
can be used for 
these registers. 
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O| Interrupt Control Bits (1) 














4| Miscelaneous Reg. (MIS): RAW }$004 +3 

5} PLL Control Reg. A (PCRA): W_ |$005 

6] PLL Controt Reg.B.C(PCRB/PCRC) : R/W j$006+1+*3 
7| PLL Data Reg. A (PDRA): W_ |$007 


8] PLL Data Reg. B (PDRB): W_ j$008 
10| PLL Data Reg. D (PRD) W_|s00A 
aes a RG rr $O0B 
12} A/D Mode Reg. (AMR) : $00C 
13} A/D Data Reg. Lower (ADRL): R |$00D+3 
14] A/D Data Reg. Upper (ADRU): R 
16] Serial Mode Reg. 1 (SMR1) ; R/W |$010+2+3 
17] Serial Clock Reg. 1 (SCR1): W_ /|$011+*2 
18] Serial Data Reg.1 Lower (SR1L) : RAW }$012+3 
19] Serial Data Reg.1 Upper (SR1U) | R/W |{$013+3 
20] Serial Mode Reg. 2 (SMR2) : RWW {$014+2+*3 
211 Serial Clock Reg. 2 (SCR2): W_  1{$015+2 
22] Serial Data Reg.2 Lower (SR2L): R/W |$016+ 3 
23] Serial Data Reg.2 Upper (SR2U) : RAW [$017+3 
24] Timer Mode Reg. 1 (TMR1): W_ j$018*2 
25] Timer Output Reg. 1 (TOR1) ;: RAW |$019+*2*3 


27| Timer 1 (TC1U/TL1U) ;« R/(W |$01B+1*3 





28] Timer Mode Reg. 2 (TMR2): W_ j$01C+2 


29 
30 
31 
32 
35 


Timer Output Reg. 2. (TOR2) : R/W 


$01D+*2+3 
(TC2L/TL2L) : R/W |$O1E+1+3 


Timer 2 (TC2U/TL2U) : R/W |{$O1F+1+*3 


Interrupt Control Bits (2) : B 
: $023 


$020 





36] LCD Output Reg. (LOR): W = j$024 

37} LCD Control Reg. (LCR): W_ {$025 

38] LCD Mode Reg. (LMR) : $026 

40] IF Control Reg.1.2 (IFC1/IFC2) : $028 +1*3 
41} IF DATA Reg. A (FDA) : $029 +3 
42| 1F DATA Reg. B (IFDB) : $O02A* 3 
43] IF DATA Reg. C (IFDC) : $02B «3 


48 (DDRO): W_ |$030 
49 (DDR1): W_ |$031 
50 (DDR2): W_ |$032 
51] Port R3 DDR (DDR3) : $033 


58 


ee 
s9| Pon D DDR (DDRDO),_W_|soae 
60[ Pon DDR 0DRDi),_W_|soac 
61[PonD DDR? (0DRD2)’_w_|s0a 
62[ Pon D DDR3 __(ODRD3)_W_|so3e 


63 $03F 


Figure 2. RAM Memory Map 
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IMT3 IFT3 RSP I/E 
(IM of TIMER 3) (IF of TIMER 3) (Reset SP Bit) (Interrupt Enable Flag) 


IM1 IF 1 IMO IFO 
(IM of INT) (IF of INT4) (IM of INTo) (IF of INT) 





IM3 IF3 IMT 1 IFT 1 
(IM of INT3) _(IF of INT3) (IM of TIMER 1) (IF of TIMER 1) 


IMAD IFAD IM2 
(IM of A/D) (IF of A/D) (IM of INT2)- (IF of INT2) 


IMS1 IFS1 IM4 IF4 
(IM of SERIAL 1) (IF of SERIAL 1) (IM of INT4) (IF of INT4) 


: Interrupt Request Flag 

: Interrupt Mask 

: Interrupt Enable Flag 

: Stack Pointer 

(Note) Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, reset by the REM/REMD instruction, and is 

tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. The content of status becomes invalid when “Reserved” bit and RSP bit are tested 
by a TM or TMD instruction. : Reserved 





Figure 3. Configuration of Interrupt Control Bit Area (RAM Space) 


Memory Register Stack Area 


level 14 
level 13 
[MR (10) 
Par (14 
1023 


PC13—PCo; Program Counter 
ST; Status 
CA; Carry 





Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Functional Description 
Registers and Flags 


The MCU has nine registers and two flags for 
the CPU operations. They are illustrated in 
figure 5 and described in the following para- 
graphs. 


Accumulator (A), B register (B): The 4-bit 
register accumulator and B resgister are used 
to hold the results from the arithmetic logic 
unit (ALU), and to transfer data to/from 
memories, I/O, and other registers. 


W register (W), X register (X), Y register 
(Y): W register is a 2-bit, and X and Y regis- 
ters are 4-bit registers used for register in- 
direct RAM addressing. Y register is also used 
for D-port addressing. 


SPX register (SPX), SPY register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers, respectively. 


Carry (CA): Carry (CA) stores ALU overflow 
generated by the arithmetic operation. It is 
affected by the SEC, REC, ROTL, and ROTR 
instructions. Carry is pushed onto the stack 
during interrupt servicing, and popped from 
the stack by the RTNI instruction, but not by 
the RTN instruction. 
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Status (ST): Status (ST) latches ALU over- 
flow generated by the arithmetic and com- 
pare instructions, Not Zero from ALU, and 
results of bit tests. It is a branch condition of 
the BR, BRL, CAL, and CALL instructions. The 
contents of the status remain unchanged 
until the next arithmetic, compare, or bit test 
instruction is executed. ST becomes 1 after 
the BR, BRL, CAL, or CALL instruction is 
executed irrespective of whether it is 
executed or skipped. The contents of the 
status are pushed onto the stack during 
interrupt servicing, and popped from the 
stack by the RTNI instruction, but not by the 
RTN instruction. 


Program counter (PC): The 14-bit program 
counter is a binary counter which holds a 
ROM address. 


Stack pointer (SP): The 10-bit stack pointer 
contains the address of the next stack area. 
SP is initialized to $3FF by MCU reset. It is 
decremented by 4 when data is pushed onto. 
the stack, and is incremented by 4 when data 
is popped from the stack. 

Since the upper 4 bits of SP are fixed to 1111, 
the stack can be used for up to 16 levels. 

SP is initialized to $3FF in two ways; MCU 
reset and RSP bit reset with the REM or 
REMD instruction. 
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1276 


Accumulator (A) 


B register (B) 


W register (W) 


X register (X) 


Y register (Y) 


SPX register (SPX) 


SPY register (SPY) 


Carry (CA) 


Status (ST) 


Program counter (PC) 


Stack pointer (SP) 


3 @] 
x ke *k * (Initial value) 


R/W (Read/Write) 
6 


3 0) 
* ok OK (Initial value) 
R/W- (Read/Write) 





1 (0) 
* %* (Initial value) 
R/V (Kead/write) 

<—_____—_»- 


3 O 


x *k * x (Initial value) 
R/W (Read/Write) 


—_——____—_» 


3 6) 
* *k * x (Initial value) 
R/W ‘Read/Write) 


3 ) 


* kk OX (Initial value) 
R/W (Read/Write) 


3 O 


* ok Ok (Initial value) 
R/W (Read/Write) 


_a > 


Valid 


* = (Initial value) 
R/W (Read/Write) 


Valid 


* (Initial value) 
R/W (Read/Write) 





13 0 

| Valid | 
0) (Initial value) 
(PC cannot be 
read/written) 


9 5 0 
t}tft{1{ Valid | 
Fixed ——~ 1 (Initial value) 


(SP cannot be read/written) 





Figure 5. Registers and Flags 
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Reset 
Power-on reset: 


At power-on, the MCU automatically enters 
reset state for approximately 60 to 65 ms to 
assure oscillation stabilization time, and then 
the MCU recovers from that state. 


Reset by RESET pin (reset from active 
mode, standby mode): 


The MCU is reset at the rising edge of the 
reset signal. This signal should be asserted 
high for at least 3.6 us. The MCU is then reset 
for one instruction cycle time, after which 
reset is cancelled. 
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Reset by RESET pin (reset from stop 
mode): 


The MCU is reset at the rising edge of the 
reset signal. This signal should be asserted 
high for at least 20 ms. At the beginning of 
oscillation, the MCU automatically enters re- 
set state for 60 to 65 ms to assure oscillation 
stabilization time, and then reset is cancelled. 


Read function: 


The accessible RESET pin is mapped to the 
bit O ($004, 0) of the miscellaneous register 
(MLS). 

Note that from power-on to the begining of 
normal oscillation, the I/O pins are undefined 
since the I/O data direction registers are not 
initialized.Values initialized by MCU reset are. 
shown in table 1 and table 2. 
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Table 1. Initial Value by MCU Reset 


Initial Value 


items by MCU Reset 
Program Counter (PC) $0000 
Status (ST) . 1 
Stack Pointer (SP) $3FF 
Interrupt Interrupt Enable Flag (I/E) 6) 
Flag/Mask 
Intarrniint Daniing + Clan /1C\ ia) 
ee cerm ee) ons wVyuvet bruy yey vw 
Interrupt Mask (IM) 1 
PLL PLL Control Register A, B, C 0000 
(PCRA, PCRB, PCRC) 
A/D A/D Mode Register (AMR) 0000 
Serial Serial Mode Register 1, 2 (SMR1, OOOO 
Interface SMR2) 
Serial Clock Register 1, 2 (SCR1, O000 
SCR2) 
Timer/ Timer Mode Register. 1, 2 (TMR1, OOOO 
Counter TMR2) 


Timer Output Register 1, 2 (TOR1, OOOO 
TOR2) 


Timer/Event Counter 1, 2 Lower, OOOO 
Upper (TC1L, TC1U, TC2L, TC2U) 


Timer 3 Note 1 
LCD LCD Output Register (LOR) Note 2 

LCD Control Register (LCR) 0000 

LCD Mode Register (LMR) 0000 
IF IF Control Register 1, 2 (IFC1, IFC2) OOOO 


IF Counter Data Register A, B, C, D OOOO 
(IFDA, IFDB, IFDC, IFDD) 


1/0 Port D Data Register 1 
Port RO-R3 Data Register Note 3 
Port RO-R3 DDR (DDRO, DDR1, Note 4 
DDR2, DDR3) 
Port D DDR (DDRDO, DDRD1, 0000 


DDRD2, DDRD3) 
Port Mode Register A (PMRA) 0000 — 


Note 1: Initial value of timer 3 by MCU reset 


Contents 


Execute program from the top of 
ROM address 


Enable to branch with conditional 
branch instruction 


Stack level is O 


After reset is cancelled, duty must 
be set by program 


The initial value of depends on the value of the data retention bit (MIS3: $004, 3). 
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Reset when power-on reset Reset when data retention 
item or data retention bit is 0 bit is 1 
Timer 3 All bits become O and are initialized Not initialized 


Note 2: Initial value of the LCD output register by MCU reset 
The initial value of the LCD output register depends on the value of the data retention bit (MIS3: 


$004, 3). 
Reset when power-on reset Reset when data retention 
item or data retention bit is 0 bit is 1 
LCD output register LCD output register becomes OOOO ~——=Retained 


and SEG/R-port pins become R port (SEG/R port is not changed) 


Note 3: Initial value of the port RO-R3 data register by MCU reset 


The initial value of the port RO-R3 data register depends on the value of the data retention bit 
(MIS3: $004, 3). 


Reset when power-on reset Reset when data retention 
item or data retention bit is 0 bit is 1 
Port RO-R3 data register 1 Retained 


Note 4: Initial value of the R port data direction register by MCU reset 
Initial value of the R port data direction register depends on the value of the data retention bit (MIS3: 


$004, 3). 
Reset when power-on reset Reset when data retention 
item or data retention bit is 0 bit is 1 
R port data direction register The R port data direction register Retained 
becomes OOOO and R port becomes (I/O of the R port is not changed) 
input port 
@ HITACHI 
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Table 2. Values of the Registers except for Table 1 after the Reset 


Initial Value by 
Initial Value by Initial Value by MCU Reset from Initial Value by 
MCU Reset from MCU Reset from Oscillation Stop MCU Reset from 
items Active Mode Standby Mode Mode Power-on 


Carry (CA) The contents of the 
items just before 


Accumulator (A) MCU reset are not 


B Register (B) assured. 
—____Cidt:sCsS:s«snlecessary to 
W Register (W) initialize them by 


—— software again. 
X/SPX Register 
(X/SPX) 


Y/SPY Register 
(Y/SPY) 


PLL Data Register 
(PDRA, PDRB, 
PDRC, PDRD) 


A/D Data Register 
Lower, Upper 
(ADRL, ADRU) 


Serial Data Register 1, 
2 Lower, Upper 
(SR1L, SR1U, SR2L, 


SR2U) 

RAM The contents of RAM just before MCU reset are retained Same as above 
Miscellaneous MIS3 The contents of MIS3 just before MCU reset are retained O 

Register (MIS) 


MISo MISo reads RESET pin level at read operation 
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Interrupt 


Eleven interrupt sources are available on the 
MCU: external requests ( INTo, INT, INT2, INTs, 
INT4), timers (TIMER 1, TIMER 2, TIMER 3), 
A/D converter, and serial interfaces (SERIAL 
1, SERIAL 2). For each source, an interrupt 
request flag (IF) and interrupt mask (IM) are 
provided to control and maintain the inter- 
rupt requests. To control the entire interrupt 
process, the interrupt enable flag (I/E) is 
provided. 

Since the vector addresses are shared 
between timer 1 and INT2, between A/D and 
INT3, between timer 2 and INTs, and between 
serial 1 and serial 2, determining which 
request occurs must be done by software. 





Interrupt control bits and interrupt 
processing: The interrupt control bits are 
mapped to addresses $000 through $003, and 
$020 through $023 of RAM space and are 
accessed by the RAM bit manipulation 
instruction. 

However, interrupt request flag IF cannot be 
set by software. 

The interrupt enable flag (I1/E) and interrupt 
request flag (IF) are set to 0, and the interrupt 
mask (IM) is initialized to 1 by MCU reset. 
An interrupt control circuit block diagram is 
shown in figure 6. Interrupt priority and 
vector addresses are shown in table 3, and 
the interrupt processing conditions for 11 
different interrupt types in table 4. 

When interrupt request flag is 1 and interrupt 
mask is O, an interrupt request is generated. If 
the interrupt enable flag is 1 at that time, 
interrupt processing activates. Then a vector 
address corresponding to the interrupt 
request is generated from priority PLA. 

An interrupt processing sequence and flow- 
chart are shown in figures 7 and 8 respec- 
tively. When an interrupt is received, the 
current instruction execution finishes at the 
first cycle, I/E is reset at the second cycle, 
then the contents of the carry, status, and 
program counter are pushed onto the stack in 
the second and third cycles, and the program 
jumps to the vector address to restart 
instruction execution in the third cycle. For 
each vector address area, the JMPL instruc- 
tion must be programmed to branch the 
starting address of interrupt routine. The 
interrupt request flag which causes interrupt 
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processing must be reset by software in an 
interrupt routine. 


Interrupt enable flag (I/E: $000, 0): The 
interrupt enable flag controls enable/disable 
of all interrupt requests. It is reset by inter- 
rupt processing and set by the RTNI instruc- 
tion. (See table 5.) 





External interrupts (INTo, INT:, INT2, 
INTs, INTa4): Five external interrupt pins are 
provided for the MCU. The external interrupt 
request flag is set at the falling edge of the 
INTo input. It is set at the rising edge of the 
INT, INT2, INT3, and INT, inputs. When using 
INTo and INT), interrupt input should be 
enabled by setting the external interrupt 
enable bit of the timer output register (TOR1: 
$019, TOR2: $01D). If the interrupt enable bit 
is reset, the external interrupt request flag is 
not set and interrupt processing is not per- 
formed since input signal itself is maskes. 
(See section “Timer”.) 

When using INT2, INT3, and INT4, the corre- 
sponding bits of port mode register A (PMRA: 
$02E) select external interrupt input. If port 
mode register A is set, the corresponding 
data direction register bit is reset automati- 
cally to input. If port mode register A is reset, 
external interrupt request flag is not set in 
spite of external interrupt signal input and 
interrupt processing is not performed since 
the external interrupt input signal is masked. 





External interrupt requrst flags (IFO: 
$001, 0 IF1: $001, 2 IF2: $022, 0 IF3: 002, 2 
IF4: $023, 0): External interrupt request flag 
IFO is set at the falling edge of the INTo input. 
IF1-IF4 are set at the rising edge of INT,-INT«4. 
(See table 6.) 





External interrupt masks (IMO: $001, 1 
IM1: $001, 3 IM2: $022, 1 IM3: $022, 3 IM4: 
$023,1): The external interrupt request 
masks mask the interrupt request from the 
external interrupt request flag. (See table 7.) 


Port mode register A (PMRA: S02E): Port 
mode register A is a 3-bit write-only register 
which controls the Do/INT>, D:/INT3, and D2/ 
INT, pins as shown in figure 9. 

Port mode register A is initialized to $0 by 
MCU reset, so that these pins are all set to D 
port I/O pins after reset. 
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Table 3. Vector Addresses and Inter- 
rupt Priority 


Reset, interrupt Priority Vector address 


RESET ~ $0000 
TIMER3 1 $0002 
INTo 2 $0004 
INT; 3 $0006 
TIMER1/INT2 4 $0008 
INT3/A/D 5 $000A 
TIMER? /INT. 6 CONC 
SERIAL2/SERIAL1 7 $OO0E 


Table 4. Interrupt Servicing Conditions 


Interrupt Source 











Interrupt oe TIMER1 = INT3 TIMER2 SERIAL1 
Control Bit TIMERS INTo INT; = /INT2 /A/D /INT, /SERIAL2 
I/E 1 1 1 1 1 1 1 
IFT3-IMT3 1 0 0 0 fe) 0 6) 
IFO-IMO * 1 0 0 0 0 0 
IF1 > IM1 * 2 1 0 0 0 0 
IFT1°IMT1+1F2 -> IM2 * 2 2 1 0 0 0 
IF3-IM3+IFAD-IMAD 2 re 2 1 1 0 0 
IFT2*IMT2+1F4-IM4 * * me m* * 1 0 
IFS2:IMS2+IFS1:IMS1 * — ok ke oe Re 1 


* : Both O and 1 do not affect operation 


@ HITACHI 
1282 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HD404508, HD4074509 


Interrupt /E 
Enable 


TIMER3 "_> 
IFO 
INT -_ 
1F1 = 
INT, am 
pit | 
TIMER 1 -_ 
IF2 
oe - DD 
IM2 
ie > 
IF3 
INT3 -_ 
TIMER2 1) 
IF4 
INTs dO 


M 


IFS1 


SERIAL1 
IMS1 


IFS2 
dy 


SERIAL2 
IMS2 





Sequence Control 
> PUSH PC/CA/ST 
- RESET I/E 

- JUMP to Vector 
Address ——— 












Vector 
Address 






Priority 
control 
PLA 


Figure 6. Interrupt Control Circuit Block Diagram 
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Instruction 1 2 3 4 5 6 
Cycles 


Instruction 
execution 


Stacking, 


Interrupt Stacking, Vector address 


acknowledged Reset of I/E 


is generated 


JMPL instruction execution on the’ 
vector address 


of the interrupt 
routine 





Figure 7. Interrupt Servicing Sequence 
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‘Power 
ON 
No 
YES 
Interrupt YES 
Request — 
Yes (C) 
(A) 
Execute Interrupt 
Reset instruction Accept 
MCU 


i/E- O 
Stack+ (PC) 
Stack (CA) 
Stack+ (ST) 


PC $0002 
ll: . 
C+ $0004 
— N 
PC+-$0006 . 
peel: ~ 
C+ $0008 
> . 
PC--$000A 
ee, dl ~ 
PC--$000C 


Figure 8. Interrupt Servicing Flowchart 







PC+-(PC)+1 
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Table 5. Interrupt Enable Flag ($000,0) Table 7. External Interrupt Mask (S001, 
| 1, $001,3, $002,3, $022,1, $023,1) 


interrupt Enable Interrupt Enable 

Flag (1/E) /Disable External Interrupt Mask 

SS (IMO, IM1, IM2, IM3, IM4) Interrupt Requests 
0 Disable 


1 Enable — 0 Enable 
——— 1 | Disable (masks) 


Initiaf value O, R/W 
Initial value 1, R/W 


Table 6. External Interrupt Request 
Flag ($001,0, $001,2, $002,2, 
$022,0, $023,0) 


External Interrupt 
Request Flag 
(IFO, 1F1, 1F2, 1F3, 1F4) Interrupt Requests 


O No 
1 Yes 


Initial value O, R/W (cannot be set to 1) 


3 2 1 O 


p= PMRA2 | PMRA, | PMRAog 


@) @) O (Initial value) 
W W W (Read/Write) 


|0 | 1/0 pin Do 
ne Input pin INT2 


0 | 1/0 pin D; | 
La Input pin INTs | 


[0 | 1/0 pin Dz 
el Input pin INT, 


Notes: ° ‘=’: reserved bit 
* SEM/SEMD and REM/REMD instructions cannot be used. 





Figure 9. Port Mode Register A (PMRA: $02E) 
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Low Power Dissipation Mode 


The MCU has two low power dissipation shown in table 8. CPU state transition 
modes, standby mode, stop mode. The func- between low power dissipation modes is 
tion of the low power dissipation mode is shown in figure 10. 





Table 8. Low Power Dissipation Mode 











Conditions 
Timer 1,2,3 
Serial 
Interface 1, 
Low 2, A/D, 
Power Instruction Interrupt Input/ IF counter, 
Dissipation Instruc- Oscillator Execution Function Register, Output LCD,PLL 
Mode tion circuit (/CPU*?) (SPER*3) RAM Flag Pin (SPER *3) 
Standby SBY Active Stop Active Retained Retained Retained Active 
Mode instruction | 
Stop Stop Stop Stop Stop Retained Reset *! —R port: Stop 
Mode instruction retained 
D port: 
high 
impedance 


* 1) The MCU recovers from STOP mode by Reset input. Refer to table 1 of section “Reset” for the 
contents of the flags and registers. 

*2) oCPU: System clock 

* 3) PER: Interrupt, peripheral function clock 
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fosc: Oscillate 
écpu: Stop 
PPER: foyc 


Standby Mode 


fosc: Oscillator 


Interrupt request 


Figure 10. 


| 


Oscillation _ 
stabilization 
time 


STOP instruction 


_ fosc: Oscillate 
cpu: Foye 
OPER: feye 


Active Mode 


CPU State Transition 
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écpu: Stop 
dpeR: Stop 


Stop Mode 
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Active Mode: In active mode, the MCU 
operates depending on the clock generated 
from the OSC1 and OSC2 oscillator circuits. 


Standby Mode: The MCU enters standby 
mode when a SBY instruction is excuted. In 
this mode, an oscillator, interrupt, timer, serial 
interface, A/D, LCD, PLL, and IF counter con- 
tinue to operate, but all instruction-related 
clocks stop. 

This in turn stops the CPU, retains all RAM 
and register contents, and maintains current 
I/O pin status. 


The standby mode is terminated by a RESET 
or interrupt request. After an interrupt 
request, the MCU resumes by executing the 
next instruction following the SBY instruc- 
tion. Then, if the interrupt enable flag is 1, the 
interrupt is processed. If the interrupt enable 
flag is O, the interrupt request is left pending 
and normal instruction execution continues. 


MCU operating flowchart in standby mode is 
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shown in figure 11. 


Stop Mode: The MCU enters stop mode 
when a stop instruction is executed. In this 
mode, the oscillator stops, causing all MCU 
functions to also stop. 


The stop mode is terminated by a RESET 
input as shown in figure 12. Reset must be 
High for at least 20 ms to stabilize oscillation. 
During stop mode, all RAM contents are 
retained. 


When the MCU resumes after stop mode, the 
accuracy of the contents of the accumulator, 
B register, W register, X/SPX register, Y/SPY 
register, carry, and serial data register cannot 
be guaranteed. 


MCU Operation Sequence: The MCU 
operates according to the flowcharts shown 
in figures 13 and 14. The RESET is an asyn- 
chronous input, which resets the MCU 
regardless of the MCU state. 
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Oscillator : Active 
écpu ‘ STOP . 
OPER : Active 


Yes <— No 
Yes <> No : 
Yes No 





Restart Restart 
Processor Clocks Processor Clocks 


Execute 
Next Instruction 
(Active Mode) 


Yes 
Execute interrupt 
Next Instruction Accept 





Figure 11. A Standby Mode Flowchart 
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Stop mode 


Internal clock TAS 
RESET ————_-——__-—____—+ 


STOP instruction execution (more than 20 ms) 







Figure 12. Timing Diagram When Canceling Stop Mode 
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ACTIVE 






Yes 





Interrupt 
request 


? 






RECOVER 


Instruction 
Fetch 


PC 
<«— Next 
location 





Instruction 


Excution 





Yes STOP/SBY 


? 


LOW POWER No 


Low Power Mode 
Operation 





Yes 








INTERRUPT 


t =_ee a aw oe —_ ep aie 
; Interrupt ' 
' ' 
; Operation ' 
Loin aia a ar eed 


Figure 13. MCU Operation Sequence (MCU Operation Cycle) 
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LOW POWER 


Interrupt 
Request ? 


SBY/STOP 
SBY/STOP mode 


Restart 
Processor Clocks 


Hardware NOP 
Execution 


RECOVER 


Figure 14. MCU Operation Sequence (Low Power Mode Operation) 
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PLL Function 


The PLL function performs phase comparison 
between an external input signal and an 
internal reference signal, and outputs a 
comparison result signal. Block diagram is 
shown in figure 15. 


PLL Features: 
- 12 programmable reference frequencies (1, 
2, 5, 6.25, 9, 10, 12.5, 18, 20, 25, 50, 100 kHz) 
- Two dividing modes 
—Pulse swallow mode 
divide ratio: 1024 to (2% — 1) 
—Direct mode 
divide ratio: 4 to (2! — 1) 
- Two independent comparison output signal 
pins 
- PLL lock detection function 


Reference frequency generator: The ref- 
erence frequency generator divides source 
oscillation (4.5 MHz) to generate twelve dif- 
ferent reference frequencies f,: 1, 2, 5, 6.25, 9, 
10, 12.5, 18, 20, 25, 50, and 100 kHz. Any of 
them can be selected by programming bit 0 
to bit 3 of PLL control register A (PCRAo- 
PCRA3). | 


Variable divider: The variable divider is a 


down-counter composed of a 5-bit M counter 
and a 10-bit A counter. In direct dividing 


mode, the variable divider functions as a 15- 
bit down-counter with connected M and A 
counters to perform the auto-reload function. 
In pulse swallow dividing mode, both M and 
A counters function as down-counters which 
input 2-modulus prescaler (mode 1/33) out- 
put. When the M counter reaches 0, 2- 
modulus prescaler mode changes from 1/33 


to 1/32, and the A counter continues to count. 


When the A counter reaches 0, the Mand A 
counters are auto-reloaded and start count- 
ing again. The dividing mode (direct or pulse 
swallow) can be selected by programming bit 
2 of PLL control register B (PCRBz2). Divide 
value should be set in the PLL data register . 
The value is set in the PLL reload register via 
the PLL data register. The contents of the 
PLL data register (15 bits) are loaded in the 
PLL reload register automatically by the 
write instruction to the lower four bits of the 
PLL data register (PDRA register). Therefore, 
data must be written in the registers in the 
following order: PDRD, PDRC, PDRB, and 
PDRA. 


Phase comparator: The phase comparator 
detects phase difference between the refer- 
ence frequency (f,;) and the output signal (fy) 
from the variable divider. The result is output 
from the ¢1 and ¢2 pins, as shown in figure 
16, figure 17. 


@ HITACHI 


1294 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 ¢ (415) 589-8300 





HD404508, HD4074509 


2-modulus 


PLL(P) (Pe prescaler 
is (1/32, 1/33) os 
a as M counter = A counter 


5 


internal bus (S1) 


Interna! bus (S2) 


Lock 


L 
PLL control deieés PLL control PLL control 


register A register B register C 


: tion ; : 
(4 bits) ecu (4 bits) . (1 bit) 


aes 


Reference 

frequency 

generator Phase 
comparator 


VCO LPF 
(External) (External) 





Figure 15. PLL Function Block Diagram 
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1296 





$1, 2 Outputs 





fy 
Phase Comparator Input “te 
f 







r 





Low Level 





High-Impedance 





High Level 


Figure 16. State Diagram (Phase Comparator) 
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; 





oO —_ 
(| | J 
om 


————_—_—____—_@» $e pn 
Phase lag Phase lead Stable state 


Figure 17. Input/Output Waveform (Phase Comparator) 
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Lock detection circuit: If the phase differ- 
ence between the reference frequency (f,) 
and a signal (fy) generated by dividing an 
external input signal through the variable 
divider is less than a specified value +a, PLL 
is assumed to be locked and bit 3 of the PLL 
control register C (PCRC3) is set. The set 
condition of PCRC3 is shown in figure 18. 
PCRC3 is reset automatically after being read. 
Note: Value a varies with programming bit 0 
and bit 1 of PLL control register B (PCRBo, 
PCRB)). 

When entering the stop mode, set PCRB3 to 0 
and PLL is disabled. PLL (P) and PLL (D) are 
pulled down to the GND so that current is not 
consumed by the alternate amplifier. 


PLL control register A (PCRA: $005): PLL 
control register A is a 4-bit write-only register 
(figure 19). 


PLL control registers B, C (PCRB: $006, 
PCRC: $006): PLL control register B is a 4-bit 
write-only register. PLL control register C isa 
1-bit read-only register(figure 20). 


PLL data register A (PDRA: $007) 

PLL data register B (PDRB: $008) 

PLL data register C (PDRC: $009) 

PLL data register D (PDRD: SOOA): PLL 
data registers A, B and C are 4-bit write-only 
registers, and PLL data register D is a 3-bit 
write-only register (figure 21). 








Window signal 
t 
( 
Output signal of 
variable divider 






Reference frequency (f,) | 
: I 












Figure 18. PCRC3 SET Condition 


3 2 1 O 


PCRA3 | PCRA2 | PCRA, | PCRAo 


=a _—_——. 0 ——__—___—_— (Initial value) 


wis mW (REA /Write) 


Reference frequency selection 


PCRA3 | PCRA2 


pee 
Ear] 
faded 
aoe 
[| 
| 
ee 
Ee 
Ea 
hed 
het 





PCRA, | PCRAo | Reference frequency (kHz 


SEM/SEMD and REM/REMD instructions cannot 
be used. 


Figure 19. PLL Control Register A (PCRA: $005) 
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3 2 1 0 


PCRB3 | PCRB2 | PCRB; | PCRBo 


__—_—_——- 0 ——> (Initial value) 


oc 


>—§£_ —- W ——— _ (Read/Write) 
4 4 a value selection 


oes 
ae 
Lo 


Enea mea. 1.) Or | Orechanison [toh 
oe Pulse swallow division 1024 to 2'5—1 


PCRB; | PLL enable/disable 


| 0 | PLL disable 
es PLL enable 


(Initial value) Notes: 1. *; At least one of the bit among PCRAg to PCRAs3 is “1”. 
(Read/Write) 2. —; Reserved bit 


R 
, ee eee ee Lock detection 


SEM/SEMD and REM/REMD 
instructions cannot be used. 





Figure 20. PLL Control Register B, C (PCRB: $006, PCRC: S006) 
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PDRD PDRC PDRB PDRA 
2 ($00A) 03 ($009) 03 ($008) 03 ($007) oO 


(Initial value) 
(Read/Write) 


| 
SEM/SEMD and REM/REMD 
instructions cannot be used. 


Note: * ; Undefined 
—; Reserved bit 





Figure 21. PLL Data Register and PLL Reload Register 
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IF Counter 


IF Counter Features: 

- Resolution: 16 bits 

- Gate time: 1, 4, 8, co ms : 
- Input signal: 15 MHz max. 


IF Counter Function: The IF counter is a 16- 
bit binary counter whose data can be read. It 
is used to detect a stop signal during auto- 
search tuning; if a desired IF frequency range 


is found by counting the input frequency of 


the IF pin during auto-search tuning, it can 
be assumed that a radio station exists on the 
received frequency. The block diagram of the 
IF counter is shown in figure 22. 

Count time (gate signal) of the IF counter can 
be selected from among 1, 4, 8 and © ms by 
the IF counter control register. After all, the 
frequency input to the IF pin can be mea- 
sured by counting the number of pulses input 
to the IF counter within the selected count 
time. 

The IF counter is reset by clearing the IF clear 
start bit of the IF counter control register, and 
initiates counting by setting the IF clear start 


bit. When the IF clear start bit is set, the busy 
bit is set, and when counting is terminated, it 
is cleared. Accordingly, whether or not 
counting is being performed can be acknow- 
ledged by software. Note that when entering. 
into the stop mode, IFC13 must be set to 0 and 
the IF counter must be disabled. The IF pin is 
pulled down to the GND, so that current is 
not consumed by the alternate amplifier. 


IF conter control register 1 (IFC1: $028): 
IF counter control register 1 is a 4-bit write- 
only register (figure 23). 


IF counter data register A (IFDA: $029) 
IF counter data register B (IFDB: $02A) 
IF counter data register C (IFDC: $02B) 
IF counter data register D (IFDD: $02C): 
IF counter data registers A to D are 4-bit 
read-only registers. The most significant digit 
is IFDD, the other bits are, in order: IFDC, 
IFDB, and IFDA (figure 24). 


IF counter control register 2 (IFC2: 
$028): IF counter control register 2 is a 1-bit 
read-only register (figure 25). 





IF (eS 


Amplifire 


Gate |signal 
generator 
1,4,8,0 ms 





Figure 22. IF Counter Block Diagram 


IF Counter 
Data Register 
(16 bits) 


lnternal Bus (S1) 


Internal Bus (S2) 
4 


IF Counter Control 
Register (4 bit) 


iz IF Counter Control 
Register (1 bit) 


Internal Bus (S1) 
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Gate Signal: The IF counter’s gate signal 
time is specified by the IF counter control 
register 1. The basic clock timing is a 1 ms 
pulse generated asynchronously with an 
instruction. Dividing this clock produces a 1, 4, 
or 8 ms gate signal. (Gate signal is selected 
among 1, 4, 8, co ms.) Accordingly, even if the 
IF clear start bit of the IF counter control 
register 1 is set to initiate counting, the IF 
counter does not start counting until the first 
hasic clock is generated after executing the 
current instruction. Time difference between 
the busy bit and the actual gate signal is max. 
1 ms, independent of the specified gate time, 
since basic clock timing is 1 ms. 

Note: Precautions when gate signal © is 
selected. 

When gate signal ©o is selected, the counter 
always operates by the IF input signal. Con- 
sequently, if data is read at counter update 
wrong data may be read. Thus, a gate must 


2 1 O 


3 
IFC15 | IFC1. | 1FC1, | IFC1 


<0 > initial value) 


—_— > (Read/Write) 


be closed once before data is read. To close a 
gate in the © mode, a value other than oo 
should be set in the gate signal selection bits 
(bit 1, 0) during setting of the IF enable bit 
(bit 3) and IF clear start bit (bit 2) of the IF 
counter control register 1 to 1. 

To continue counting after data read, the oo 
mode should be set again. Make certain that 
the counter does not operate while the gate 
is being closed. 

Accordingly, gate closure time should be 
considered when counting continues after 
data read. . 

When gate signal - is selected, the IF 
counter does not start counting until the first 
basic clock is generated after executing the 
current instruction (max. 1 ms) even if the IF 
clear start bit of the IF counter control regis- 
ter is set to initiate counting. 

Busy signal is invalid for the gate signal oo 
mode. 


Gate signal selection 


IF clear start 


IF enable 





IF clear start 


IF counter data register reset 
Start counting 


IF enable 


IF disable 


SEM/SEMD and REM/REMD 
instructions cannot be used. 


Figure 23. IF Counter Control Register 1 (IFC1: $028) 
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3. IFDD O3 IFDC O3 IFDB O3 IFDA O 


Sa ee OS) (Initial value) 


SSS SSS eS (Read/Write) 





Figure 24. IF Counter Data Register (IFDA: $029, IFDB: $02A,IFDC: $02B, 


IFDD: $02C) 
3 2 1 O 
O (Initial value) 
R (Read/Write) Note: '—’ : reserved bit 


| Busy signal 


Figure 25. IF Counter Control Register 2 (IFC2: $028) 
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Serial Interface 


The serial interface is used to transmit/ 
receive 8-bit data serially. The MCU has two 
serial interfaces, serial 1 and serial 2. The 
serial interfaces consist of the serial data 
registers (SR1, SR2), the serial mode registers 
(SMR1, SMR2), the serial clock registers (SCR1, 
SCR2), the octal counter, and the multiplexer 
as illustrated in figure 26. 

Pins Ds/SCK3,, Di1/SCKa, Do/Sh, Di2/SI2, D10/ 
SOi, Di3/SO2z, and STS instruction are 
controlled by the serial mode register. The 
serial clock register controls the transfer 
clock. The contents of the serial data register 
can be written into or read out by software. 
The data in the serial data register can be 
shifted synchronously with the transfer clock 
signal. 

Serial interface operation is initiated by the 
STS instruction while the enable bit of the 
target serial interface (bit 3 of the serial mode 
register of each serial interface) is set. The 
octal counter is reset to $0 by the STS 
instruction. The counter starts to count at the 





PRESCALER(1 1 bit) 


N NT OLN 
fe NIT 7 
| BEBE 
of Pele dee 


SCR1,SCR2(3bit) 
SERIAL CLOCK 
REG. 


INTERNAL BUS LINE 





falling edge of the transfer clock signal (SCKi, 
SCK2) and increments by one at the rising 
edge of the signals. 

When the octal counter is reset to $0 after 
eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter- 
rupt request flag will be set. 

To control two serial interfaces by executing 
the STS instruction once, an enable bit (bit 3) 
of the serial mode register is provided for 
each serial interface. When the STS instruc- 
tion is executed, the serial interface of which 
an enable bit is set starts to operate. If both 
enable bits are reset, the serial interface does 
not operate even if the STS instruction is 
executed. If both enable bits are set, two 
serial interfaces can be operated by execut- 
ing the STS instruction once. 

The enable bit is reset after the STS instruc- 
tion execution automatically. 

Consequently, to operate the serial interface, 





‘the STS instruction should be executed after 


setting an enable bit. 


0C1, 0C2(4 bit) 
OCTAL oii 
COUNTER S2 


INTERRUPT 
REQUEST FLAG 
of SERIAL INTER- 
FACE 


INTERNAL BUS LINE (S1) 


ali 2: 


SR1,SR2(8bit) 


SERIAL DATA REGISTER pI 


4 


Figure 26. Serial Interface Block Diagram 
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Serial Mode Registers (SMR1: $010, SMR2: 
$014): The 4-bit write-only serial mode reg- 
isters control the serial interface operation 
and the pins SCKi, SCKa2, Sh, SIz, SOi, and SO2 
as shown in figure 27. 

The write signal to the serial mode register 
initializes the operating state of the serial 
interface. 

The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane- 
ously. Therefore, when the serial interface is 
in the “Transfer State”, the write signal 
causes the serial mode register to cease the 
data transfer and to set the serial interrupt 
request flag. ; 

The contents of the serial mode register is 
invalid until the second instruction is 
executed after a write instruction. Therefore, 
it will be necessary to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 








Bit 3 of the serial mode register is an enable’ 


bit for the serial interface. To operate the 
serial interface, this bit should be set before 
executing the STS instruction. 

If the STS instruction is executed while the 
enable bit is set, the serial interface starts to 
operate. If the STS instruction is executed 
while the enable bits of both serial interfaces 
are set, two serial interfaces start to operate. 
The internal clocks of SERIAL 1 and SERIAL 2 
are asynchronous each other. 
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The enable bit is automatically reset after the 
STS instruction execution. 


Serial Clock Registers (SCR1: $011, SCR2: 
$015): The serial clock register is a 3-bit 
write-only register which controls the trans- 
fer clock source and prescaler divide ratio as 
shown in figure 28. A write signal to the serial 
clock register initializes internal state of the 
serial interface. A write signal to the serial 
clock register stops the serial data register 
and octal counter from applying transfer 
clock, and it resets the octal counter. There- 
fore, when the serial interface is in the trans- 
fer state, the write signal to the serial clock 
register stops the data transfer and sets the 
serial interrupt request flag. 


Serial Data Registers (SR1L: $012, SR1U: 
$013, SR2L: $016, SR2U: $017): The 8-bit 
read/write serial data register consists of a 
lower digit (SR1L: $012, SR2L: $016) and a 
higher digit (SR1U: $013, SR2U: $017). 

The data in the serial data register will be 
output from the SO; and SOz2 pins, from LSB to 
MSB, synchronously with the falling edge of 
the transfer clock. At the same time, external 
data will be input from the SI; and SIz2 pins to 
the serial data register, to LSB first, 
synchronously with the rising edge of the 
transfer clock. Figure 29 shows the I/O timing 
chart for the transfer clock signal and the 
data. The read/write operations of the serial 
data register should be performed after the 
completion of data transmit/receive. 

Otherwise the data may not be guaranteed. 
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——_—___—_— 0 ——_——_———> (Initia! value) TSMRI.SMR2 | 
-_—————R/W o> =(Read/Write) [Bo Di0/SOj, D,3/SO02 
[0 | 0 pins Bie, Be 
Fa Output pins SO,, SO2 


Note: When bit 0 of SMR1 or SMR2 is set, Dio or Di3 
becomes output pin automatically. 


eeatanes) Da/Sh, Di/St 


| 0 | 0 pins Ds, Diz 


Note: When bit 1 of SMR1 or SMR2 is set. Dg or Dy2 


becomes input pin automatically. | = SMR1,SMR2 | 
Serial interface operation mode 


Receive mode 


Transmit/receive mode 


i a 

De/SCK;, D,,/SCK 

svi aminira opr tbe pt [esses 
ce ee 
ER ERER 


[0 [Wo pins Bs By 
Pt Input or output pins SCK,,SCK2 


Note: When bit 2 of SMR1 or SMR2 is set. if internal 
Clock is selected, Dg or D1; becomes SCK; or 
SCKz2 output automatically. If external clock is 
selected at this time. these pins become SCK, or 


SCKz2 input. 


| SMR1.SMR2 | STS instruction 


ae ee Disabled (not affect operating state) 
a | Enabled (transfer clock wait state) 


Note: Bit 3 of SMR1 and SMR2 is reset automatically 
after the STS instruction execution. 





Figure 27. Serial Mode Register (SMR1: $010, SMR2: $014) and Operation Mode Selec- 
tion 
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Table 9. Serial Interrupt Request Flag 
(IFS2: $003,2, IFS1: $023,2) 


Serial Interrupt 
Request Flag Interrupt Requests 
0 No 


1 Yes 





Initial value: O, R/W 

Note: Reset by the REM and REMD instruc- 
tions. 1 cannot be set by software. 
Tested by the TM and TMD instructions. 


_—— 0 (Initial value) 


—!——_ W ——_™ (Read/Write) 


Note: ‘—’ : reserved bit. 
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Table 10. Serial Interrupt Mask (IMS2: 
$003, 3, IMS1: $023, 3) 


Serial interrupt mask Interrupt Requests 





O Enabled 
1 Masked (held) 


Initial value: 1, R/W 
Note: REM, REMD, SEM, SEMD, TM, and 
TMD instructions can be used. 


Prescaler | System 
Clock source} divide clock 
ratio divide ratio 


+2,048 | + 4,096 


Prrescar [+ @ | > 16 | 
[rrescar [= 2] * 4 
[sytem aoe [__— [= 1 | 
[eremateook! _— | _ 


Figure 28. Serial Clock Register (SCR1: $011, SCR2: $015) 


Transfer Clock ELIT LT LLL 


1 2 3 4 5 6 7 8 
moh A A A hs 
Serial Output Data 
A oN A A A A ffi 
Serial Input Data 
Latch Timing 





Figure 29. Serial Interface I/O Timing Chart 
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Serial Interrupt Request Flag (IFS1: $023 
bit 2, IFS2: $003 bit 2): The serial interrupt 
request flag is set when the octal counter 
counts eight transfer clock signals, or when 
data transfer is discontinued by resetting the 
octal counter. See table 9. 


Serial Interrupt Mask (IMS1: $023 bit 3, 
IMS2: $003 bit 3): The serial interrupt mask 
masks the interrupt request. See table 10. 


Selection and Change of the Operation 
Mode: The serial interface operation modes 
which are determined by a combination of 
the value in the serial mode register are 
shown in figure 27. 


Operating State of Serial Interface: The 
serial interface has four operating states, 
transfer disable state, STS waiting state, 
transfer clock waiting state, and transfer 
state, as shown in figure 30. 

The transfer disable state is the initialization 
state of the serial interface. In this state, the 
serial interface does not operate even if the 
STS instruction is executed or the transfer 
clock is applied. Setting the enable bit of the 
desired serial interface enters it into STS 
waiting state. 

When the STS instruction is executed in this 
state, the serial interface becomes transfer 
clock waiting state and serial transfer is 
enabled. When both enable bits of the serial 
interface 1 and 2 are set before executing the 
STS instruction, two serial interfaces start to 


operate. If the transfer clock is applied during 
the transfer clock waiting state, the serial 
interface changes to transfer state, while the 
octal counter counts up and the serial data 
register changes simultaneously. However, if 
the consecutive clock output mode is 
selected, only transfer clock is output con- 
secutively without transfer. 

In the transfer state, the octal counter 
becomes O00 by 8 transfer clocks and the 
serial interrupt flag is set. At this time, if 
internal clock is selected, the serial interface 
changes to the transfer disable state, and if 
external clock is selected, it changes to the 
transfer clock waiting state. A write signal to 
the serial mode register during the transfer 
state resets the octal counter to 000 to stop 
transfer and sets the interrupt request flag 
simultaneously. 


Example of Transfer Clock Error Detec- 
tion: The serial interface malfunctions when 
the transfer clock is disturbed by external 
noises. In this case, transfer clock error can be 
detected by the procedure shown in figure 
31. If more than 8 transfer clocks are applied 
in the transfer clock waiting state, the state 
of the serial interface changes as the follow- 
ing sequence: first, transfer state, second, 
transfer clock waiting state, and third, trans- 
fer state again. The serial interrupt flag 
should be reset before entering into the STS. 
waiting state by writing data to the serial 
mode register. This procedure causes the 
serial interrupt request flag to be set again. 
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Transfer disable 

state 

- STS instruction invalid 
* Octal counter = OOO 

* Transfer clock disable 


Write to SMR (Reset Write to SMR Write to SMR Write to SMR (Reset bit 3) 
bit 3) (Reset bit 3) (Set bit 3) 8 transfer clocks (Internal 
Write to SCR clock) 


STS wait Write to SCR 
waiting state (IFS—1) 


- STS instruction 

valid 
- Octal counter = OOO 
* Transfer clock disable 


Write to SMR 
(Set bit 3) 


Write to SMR 
(Set bit 3) 
(IFS<-1) 


Transfer clock 

Transfer clock waiting Transfer state 
state * STS instruction 

* Reset bit 3 of SMR 8 transfer clocks invalid 

- STS instruction invalid (External clock) - Octal counter + 000 
* Octal counter = 000 (IFS<1) 





Figure 30. Operating State of Serial Interface 


Transmit/Receive 
(IFS <— 1) 
Interrupt 

Disable 


Write to . 
Transfer Clock 
Error Processing 


No 
Normal End 





Figure 31. Example of Transfer Clock Error Detection 
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Timer 


The MCU contains a prescaler, two timer/ 
counters (timer-1, 2) and time-base prescaler 
(timer 3).Figures 32, 33 and 34 show the block 
diagrams of the timers. 


Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial- 
ized to $000 by MCU reset before dividing the 
system clock. The prescaler keeps counting 
up except in MCU reset and stop mode. Timer 
input clock and serial transfer clock are 
selected by the timer mode registers (TMR1, 
TMR2) and serial clock registers (SCR1, SCR2) 
among prescaler outputs. 


Operation of Timer 1, Timer 2: Timer 1 and 
2 are multifunctional timers. They can be 
used as a free-running timer, event counter, 
reload timer, or PWM circuit (Timer 2 does not 
have a PWM function). Each function is 
selected by the timer mode register (TMR1, 
TMR2) and timer output register (TOR1, 
TOR2). | 

The timer/counter (TC1, TC2) is initialized to 
$00 by MCU reset, and it starts to count up 
every input signal. As an input clock, the 
clock divided by the prescaler and an exter- 
nal clock can be used. When an external clock 
input is selected, external interrupt must be 
inhibited by setting the external interrupt 
mask bit (IMO or IM1) since the external clock 
input pin is multiplexed with the external 
interrupt pin. (External interrupt cannot be 
inhibited by setting the interrupt enable bit 
of the timer output register.) If an input clock 
is applied after the timer counter reaches 
$FF, the timer interrupt request flag (IFT1, 
IFT2) is set. If an auto-reload function is not 
selected, timer 1 and 2 function as free-run- 


ning timer/event counter and continue to 
count up after returning to $00. If the auto- 
reload function is selected, they are reload 
timers. 

The timers initiate counting up from the 
timer load register (TLR1, TLR2) value loaded 
in the timer counter for each clock input after 
the timer counter reaches $FF. 

Timer 1 has a timer output circuit. This circuit 
changes output level when a clock is input 
after the timer counter reaches $FF. An 
optional cycle clock signal can be output by 
combining this circuit and the reload timer. 
Also this output circuit becomes PWM output 
circuit if PWM function is specified by the 
timer output register. One cycle of the PWM 
output is 256 input clocks. The output 
becomes 1 during the time for the number of 
clocks set in the timer load register, and 
becomes O during the other time. 

To obtaine the voltage level in proportion to 
the value set in the timer load register, PWM 
output should be combined with low-pass 
filter. 


Timer 3 Operation: Timer 3 is a prescaler 

which sets interrupt request flag (IFT3) every 

125 ms. 

- Timer interrupt request flag (IFT3: $000 bit 
2) : 

- Timer interrupt mask (IMT3: $000 bit 3) 


The timer interrupt mask masks the timer 3 
interrupt request. 


Timer 3 is initialized in the following condi- 

tion. 

- Power-on Reset 

-MCU Reset when the data retention bit 
(MIS3: $004,3) is 0. 
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INTERNAL BUS LINE (S2) INTERNAL BUS LINE (S1) 


TL1 
(4 bit) 
(Timer Latch Reg.) 


Reload 
Control 
Circuit 
TC1 oe eee: | bit) 


Th & nates oe eee: | Counter) 


Control 


aAEEEE in — 
t 

e) 

N 

“Is 

CLOCK (Timer Load eee 


rae 


INTERNAL BUS LINE (S2) 





Figure 32. Timer 1 Block Diagram 


INTERNAL BUS LINE (S2) INTERNAL BUS LINE ($1) 


Te2 
(4 bit) 
(Timer Latch Reg.) 


Reload 
Control 
Circuit 


TC2 | tee enttore | bit) 
(Timer/Event | tee enttore | 


TL2R (8 bit) 


SYSTEM PRESCALER (11 bit) 
CLOCK (Timer Load Register) 


ri 


INTERNAL BUS LINE (S2) 





Figure 33. Timer 2 Block Diagram 


4.5 MHz 







Prescaler 
(20 bits) 






Figure 34. Timer 3 Block Diagram 
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Timer Mode Register 1, 2 (TMR1: $018, 
TMR2: $01C): The timer mode register is a 4- 
bit write-only register which selects the 
autoreload function, input clock, and pres- 
caler divide ratio as shown in figure 35. 

The timer mode register is initialized to $0 by 
MCU reset. 

The operation mode of the timer mode regis- 
ter is changed at the second instruction cycle 
after the timer mode register is written to. 
Initialization of the timer by a write to the 
timer mode register should be performed 
after the operation mode is completely 
changed. 


Timer Output Register (TOR1: $019, 


TOR2: $01D): The timer output register is a 
4-bit read/write register which controls the 


timer output mode, PWM output, and exter- 


nal interrupts as shown in figure 36. 

If bit O and 1 of the timer output register are 
set in the mode except for timer output dis- 
able mode, the pin becomes timer output pin 
automatically. ; 
Combination of these modes and each mode 
of the timer 1 to 3 can produce optional fre- 
quency and optional duty clock signal. When 
PWM output is set, the timer output pin 
becomes PWM output pin independently of 
the timer output mode. 

The timer output register is initialized to $0 
by MCU reset. 

The operation mode of the timer output reg- 
ister is changed at the second instruction 
cycle after the timer output register is writ- 
ten to. 


_——_—_____—- 0 ———~. (Initial value) 


____—__ WwW —————_ (Read/Write) 


Peete 


a an ee 





TMR1, TMR2 


TMR1,TMR2 J} Auto-reload | - 


[| Prove 


Figure 35. Timer Mode Register 1, 2 (TMR1: $018, TMR2: $019) 
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Timer 1, 2 (TC1L: $01A, TC1U: $01B, TL1L: 
$01A, TL1U: $01B, TC2L: $01E, TC2U: 
$01F, TL2L: $01E, TL2U: $01F): Timer 1 and 
2 consist of write-only timer load register (8 
bits) and read-only timer/event counter (8 
bits) respectively. Each of them has a lower 
digit (TC1L: $01A, TC2L: $01E) and a higher 
digit (TC1U: $01B, TC2U: $01F). 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the lower digit first, and then 
the higher digit. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of the timer can be 
obtained by reading the timer/event counter. 
In this case, read the higher digit first, and 
then the lower digit. The count value of the 


Table 11. Timer Interrupt Request Flag 


Timer Interrupt 


Request Flag interrupt Request 
0 No 


1 Yes 


Initial value: O, R/W 
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lower digit is latched at the time when the 
higher digit is read. 


Timer Interrupt Request Flag (IFT1: 
$002 bit 0, IFT2: $003 bit 0): The timer 
interrupt request flag is set by the overflow 
output of timer 1 or timer 2. If the PWM func- 
tion is selected, the timer interrupt request 
flag is not set even if the overflow output 
generates. 

See table 11. 


Timer Interrupt Mask (IMT1: $002 bit1, 
IMT2: $003 bit 1): The timer interrupt mask 
masks an interrupt request from timer 1 or 
timer 2. 

See table 12. 


Table 12. Timer Interrupt Mask 


Timer Interrupt Mask Interrupt Request 
0 Enabled 
1 Disabled (masks) 


Initial value: 1, R/W 
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(Initial value) 
(Read/Write) 


0 > (Initial value) 


+ —_—_—_— R/W ——_—_—> (Read/Write) 


ae 


External interrupt enable bit 





oe Ti Output Mod 
imer Output Mode 
Timer output disabled 


Outputs reverse level signal synchronously 
with the input clock after TC reactes $FF 
(Toggle output mode) 


Output O synchronously with the input 
clock after TC reaches $FF 
(O output mode) 


Outputs 1 synchronously with the input 
clock after TC reaches $FF 
(1 output mode} 


Note: When bit 1 and bit O of TOR1 are set to other than ‘00’, 
R32 becomes output automatically. 


TOR1 
PWM Function 


Normal timer operation 


PWM operation 
Output from TO, pin 


Note: When bit 2 of TOR1 is set, R32 becomes output automatically. 


External Interrupts 
PO | INTO INTH disabled 
| 1-~—_{_ INTO, INT1 enabled 


Note: When an external event input is specified by bits O-3 of 
the timer mode register, an external interrupt is enabled 
irrespectively of the value of bit 3 of TOR. 

‘—" : reserved bit 


Figure 36. Timer Output Register 
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Operating Mode of Timer 1, Timer 2: 
Since timer 1 and timer 2 can select several 
functions as free-running, reload, PWM (timer 
1 only), and can control clock input and timer 
output, various operating states can be spec- 
ified by combination of these functions as 
shown in figure 37, 38. Required data should 


TMR1 :- $018 
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be set in the timer mode register and timer 
output register for the selected operating 
state. 

Example of the timer output waveform is 
shown in figure 39. The waveform depends 
on the operation mode. 


TOR1: $019 


[oes [wee [oes [ovo [pees [one | on [oo 


—_——_—— 0 —___—_— + 0 Initial value) 


—_—_—_—— Ww -— R- > _ R/w os ————— _ (Read/Write) 


* 1 Both O and 1 do not affect the operation. 

* 2 Either or both of the bit O and bit 1 of TOR is 1. 

*3 One, two, or three bits of bit O, 1, 2 of TMR are O. 

* 4 When the timer load register is set to $ OO while PWM output is selected, 
the timer functions in the same way as the free-running timer. 

* 5 When TI, is selected, INTo interrupt mask bit must have been set since 


INT is simultaneosly selected. 





Timer Timer 1 
Output pin Function 


Free- 
running 
timer 


Event counter 
(with reload 
function) 


Pwe *4 
#5 — PWM ou 
clock’ 


Figure 37. Combination of Timer 1 Operation Modes 
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—_—__———_ 0 —__ rr 0 ——— (Initial value) 


SS ee RW. (Read/Write) 












TMR2 TOR2 


Bit 3| Bit2| Bit 1 |B pao ee Bit 2| Bit 1] Bit O 










Timer 2 
function 


Timer 
input pin 


Event 


aa Reload 
timer 
INT, , 


Event counter 
Tle, INT, *? 









Free- 
running 
timer 









(with reload 
function) 


=| 
% 

— 
es 
—_ 

* 

—_ 





*1 > Both O and 1 do not affect the operation. 
*2 One, two, or three bits of bit O, 1, 2 of TMR are O. 


*3 When Tl2 is selected, INT, interrupt mask bit must have been set since INT, is simultaneously selected. 


Figure 38. Combination of Timer 2 Operation Modes 
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Reload timer output mode: Toggle output 
Timer load register data: N 


(A) Free-running timer 


Jo LJ 


| 256 clocks | 256 clocks | 


(B) Reload timer 


i sees ee 


| (256-N) clocks | (256-N) clocks | 


Ji JL 


(256-N) clocks N clocks 


256 clocks 


(Note) Clock input source and divide ratio are controlled 
by the timer mode register. 





Figure 39. Examples of Timer Output Waveform 
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A/D Converter 


The MCU incorporates an A/D converter 
operating in the sequential comparison 
method with a resistor ladder. It can measure 
two analog inputs with 8-bit resolution. 

A block diagram of the A/D converter is 
shown in figure 40. 


The A/D converter is composed of the follow- 
ing registers and bit. 


A/D mode register (AMR: S00C): The A/D 
mode register is a write-only register. Bits 0 
and 1 select an A/D conversion period, and 
bits 2 and 3 select a channel (figure 41). 


A/D data register (ADRU: SOOE, ADRL: 
SOOD): The A/D data register is a read-only 
register. 

Data read during A/D conversion is not 
guaranteed. After completion of a conversion, 


Internal Bus (S2) 


ADSF 
(1 bit) 


resulting data is maintained until the follow- 
ing conversion starts (figure 42). 


A/D start bit, status flag (ADSF: $020, 0): 
Writing 1 into the A/D start bit initiates A/D 
conversion. On completion of A/D conversion, 
the converted data is stored in the A/D data 
register simultaneously with setting the A/D 
interrupt flag, and the A/D start flag is clear- 
ed. 


Note that writing into ADSF should be par- 
formed by bit manipulation instruction SEM 
or SEMD. It is invalid with the REM/REMD 
instructions. ADSF must not be written to 
during A/D conversion. The configuration of 
ADSF is shown in figure 43. 


Precautions on A/D converter use: 
Port output instructions should not be 


executed during A/D conversion to allow the 
A/D converter to operate stably. 


Internal Bus (S1) 


ADR (8 bit) 
(A/D Data Reg) 


(A/D Start Bit, Status Flag) 
| 
IFAD 


rm Control Logic 





Figure 40. A/D Converter Block Diagram 
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i eee oo aa 
instructions cannot be used. 


0 (Initial valul) 


_ ———_ W —— (Read/Write) 


cme 
ze 





Figure 41. A/D Mode Register (AMR: SO0C) 


4 3 2 1 0 
; : : Ae 
[aes [one [oer [ono [oes Poe [or [ono] (2088 


* * * * * * * * (Initial value) 


2 ___ 2s R © 1 (Read/Write) 





* ; Undefined 
Figure 42. A/D Data Register (ADRU: SOOE, ADRL: SOOD) 
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— bit3 bit 2 bit 1 bit O 
ADSF 


O (Initial value) 
R/W_ (Read/write) 


bitO | A/D start Bit ,Status Flag 


Indicate A/D conversion end 
Start A/D conversion 


— : Reserved bit 
Instructions other than RAM bit manipulation 
instructions cannot be used. ADSF is set with 
the SEM/SEMD instructions and tested by the 
TM/TMD instructions. REM and REMD are 
invalid. 





Figure 43 A/D Start Bit, Status Flag (ADSF: $020,0) 
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Liquid Crystal Display Circuit 


A LCD circuit can directly drive a liquid crys- 
tal in three drive systems, static, 1/2 duty, and 
1/3 duty with its three common signal pins 
and 28 segment signal pins. The LCD circuit is 
comprised of RAM, controller, and driver as 
shown in figure 44. 


RAM (S3A0-S3BB): RAM in the LCD circuit 
is dual-port RAM which sends display data to 
the segment signal pin without software. 
Relation between display RAM area and 
segment signal is shown in figure 45. By 
writing data in RAM area, the corresponding 


Vec 9 


Power-on switch 






V10 
V2 0 Control 
register 
V3 0 (4 bit) 
GNDC 


Mode 
register 
(4 bit) 


RAM area 
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segment pin automatically outputs it as dis- 
play data. 1 means light on, and 0 means light 
off. 


Control Section: The control section con- 
sists of the following three registers: 

- LCD output register (LOR: $024) (figure 46) 
- LCD control register (LCR: $025) (figure 47) 
- LCD mode register (LMR: $026) (figure 48) 


LCD Driver: The LCD driver has three 
common signal pins and 28 segment signal 
pins. 16 segment pins SEG13 to SEG28 are 
multiplexed with output ports R8, R7, R6, and 
R5. 






0 SEG13/R83 
D SEG14/R82 


D SEG28/R55 


Output 
data 
R5 to R8 










Segment/output data multiplexer 










Output 
register 
| (4 bit) 









LCD: Liquid Crystal Display 


Figure 44. LCD Circuit Block Diagram 
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Address 
BIT 3 BIT 2 BIT 1 BIT O (Hexadecimal) 


$3A0 
$3A1 
$3A2 
$3A3 
$3A4 
$3A5 
$3A6 
$3A7 
$3A8 
SEG 10 $3A9 
SEG 11 $3AA 
SEG 12 $3AB 
SEG 13 $3AC 


seG14 | $9AD 
SEG 15 | SAE 
SEG 16 | S3AF 
seq 17 | $380 
seq18 | sae 
seq19 | $982 
seG20 | $389 
seG21 | s0e4 
seq 22 | $985 
SEG 23] $386 
SEG 25 | SEG 25 $3B8 
se 26| sae 
SEG 27] $3BA 
seG28 | $088 


COM3 COM2 COM1 


Note: Some areas do not correspond to a segment signal. 
They can be read/written to. 





NINININI IN 
m]{mim} mim 
OO) OHO; QO) 
OLOIN| OD! oO 


Figure 45. LCD RAM Area and Segment Signals 
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The SEM/SEMD and REM/REMD instructions 
tb d. 


<«—__—_—____—_ (Note) ——____—»__ ([nitial value) Note: Initial value of the LCD output register by MCU reset 


depends on the value of the data retention bit (MIS3: 


—_——— WwW — ——™ (Read/Write) $004, 3) 


MCU reset by power-on MCU reset when data 
reset or when data retention bit is 1 
retention bit is O 


0000 Retained 
SEG/R port pins become | (SEG/R port is not 
R port pins. changed.) 


LCD output 
register 


0 | R5o—R53 (output data) 
all SEG28—SEG25 (segment data) 


0 | R60—R6s3 (output data) 
| 1 | SEG24—SEG21 (segment data) 


cS R7o—R73 (output data) 
SEG20—SEG17 (segment data) 


LO: R80—R83 (output data) 
SEG16—SEG13 (segment data) 


Figue 46. LCD Output Register (LOR: $024) 


The SEM/SEMD and REM/REMD instructions 
cannot be used. 


-—_— ——— 0 -————™_ (Initial value) 





—__——-——_ W — (Read/Write) 


Display ON/OFF control 


| 0 | Display OFF 
a Display ON 


Fixed to O 
Power Switch ON/OFF control 


0 | On-chip liquid crystal power switch (power switch) OFF 
fe On-chip liquid crystal power switch (power switch) ON, Vi—Vcc 


Figure 47. LCD Control Register (LCR: $025) 
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The SEM/SEMD and REM/REMD instructions 
cannot be used. 


—_—__——_ W —— _ (Read/Write) 


| Display duty selection 
Fixed to O Bit | Bit 
‘ 0 Contents 


| 0 | 0 | Cannot be selected (Note 1) | 
Ree 
edie 


+ 0 (Initial value) 


1 | 1/3 DUTY 


1 | 0 |1/2DUTY 
& 


Frame Frequency 


Note 1: During MCU reset, bits O and 1 are O. accordingly, 
the mode register must be set to 1/3 duty, 1/2 duty, 
or STATIC after reset. . 





Figure 48. LCD Mode Register (LMR: $026) 
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Large LCD Panel Driving and Driving 
Voltage (Vicp): When using the large LCD 
panel, lower the dividing resistance by im- 
plementing the external resistors parallel to 
the internal dividing resistors as shown in 
figure 49. 


Since the liquid crystal display board is of 
matrix configuration, the path of the charge/ 
discharge current through the load 
capacitors is very complicated. Moreover, as it 
varies depending on display condition, a val- 
ue of resistance cannot be simply determined 
by referring to the load capacitance of liquid 


Vec2Vicp 2GND 





HD404508, HD4074509 


crystal display. A value of resistance must be 
experimentally determined according to the 
demand for power consumption of the 
equipment in which the liquid crystal display 
is implemented. (A capacitor,C=0.1 to 0.3 uF 
can be used if necessary.) In general, R is 1 kO 
to 10 kN. 


The following figure shows a connection 
when changing the liquid crystal driving 
voltage (Vicp). In this case, power supply 
switch for dividing resistor (power switch) 
should be turned OFF. (Bit 1 of the LCR regis- 
ter is 0). 


Li, signal 


Lt 7-digit LCD 


1/3 Duty, 1/3 Bias Drive 





Figure 49. An Example of LCD Connection 
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Input/Output Port 


The MCU has 47 I/O pins comprising 29 I/O 
pins, 2 input pins, and 16 output pins (multi- 
plexed with SEG pins). The I/O ports (D, RO- 
R3) have individual data direction registers so 
that data direction (I/O) can be selected for 
each bit.Port R4 is an input port. All ports are 
standard ports.The registers which control 
the I/O ports of each module are shown in 
figure 52. 


Port D (Do-Dis): The D port is an I/O port 
composed of 14 I/O pins accessed on a bit 
basis. All bits of the port D data register are 
set to 1 by MCU reset. Data direction (input/ 
output) of each pin can be selected by the 
data direction register provided for each bit 
(0: input, 1: output). The data direction regis- 
ter is cleared by reset, so that the D port 
becomes an input port by reset. (See figure 
50.) The D port can be set and reset by the 
SED/RED and SEDD/REDD instructions, and 
can be tested by the TD/TDD instructions. 
Pins Do-Dz and Ds-Di3 are multiplexed with 
INT»2, INT3, INT, SCKi, Sh, SO,, SCKa, Sh, and 
SOz2, respectively. 





Ports RO-R3: These are the I/O ports acces- 
sed in 4-bit units. The initial value of the port 
R data register by MCU reset depends on the 
value of the data retention bit. When it is 0, 
register value is 1, when it is 1, the register 
value before reset is retained. Data direction 
(input/output) of each bit of port R can be 
controlled by the port R data direction regis- 
ter (DDRO-DDR3) (0: input, 1: output). Since 
the data direction register is cleared by reset, 
the R port becomes an input port by reset. 
However, when the data retention bit is 1, I/ 
O direction of the R port remains unchanged 
since the previous data is maintained without 
being cleared. (See figure 51.) 
Data is input as well as output through ports 
RO-R3 by the LAR and LBR instruction. 
Pin R32 of port R3 is multiplexed with timer 
output pin TO;. TO; is an output pin of timer 
1, which can output optional frequency clock 
and PWM output signal utilizing reload func- 
tion. For details, see section “Timer”. 
Circuit types of I/O pins are shown in table 


Port R4: Port R4 is an input port accessed in 
2-bit units. Pin R4 is multiplexed with 
external interrupt input INT»o and timer input 
Tl, and R4, is multiplexed with external 
interrupt input INT, and timer input TI2. 
Operation mode of each pin is selected by the 
timer mode register and timer output regis- 





ter. (for details, see section “Timer”.) 

Data is input through port R4 by the LAR and 
LBR instructions. 

Circuit types of the R4 port pins are shown in 
table 13. 


Ports R5-R8: These ports are output ports 
accessed in 4-bit units. Pins R5o-R53 are 
multiplexed with SEG28-SEG25; R60-R63, 
with SEG24-SEG21; R7o-R73 with SEG20- 
SEG17; and R8o-R83, with SEG16-SEG13, 
respectively. Operation mode of each pin is 
selected by the LCD output register (for 
details, see section “LCD Circuit”). 

During reset, these ports are used as R ports 
and 1 is output. However, when the data 
retention bit is 1, these pins are not switched 
to R ports and 1 is not set in the data register, 


so that the previous data is maintained. 


Circuit types of the R5-R8 pins are shown in 
table 13. 


Data Direction Register ($030-$033, 
$03B-SO3E): The data direction register 
(DDR) is a 4-bit write-only register which 
controls input and output of the I/O ports. 
Each I/O port bit has a DDR and data direc- 
tion can be selected on a bit basis. Data is 
input from each pin when a port is an input 
port. For an output port, data is accessed from 
the data register. 

The I/O ports become input ports when DDR 
is cleared by reset. However, the R port data 
direction register is not cleared by reset 
when the data retention bit is 1, so that the 
previous data is retained. 


D port data direction register (DDRDO: 
$03B, DDRD1: $03C, DDRD2: S03D, 
DDRD3: S$03E): This register can select D 
port data direction on a bit basis. RAM bit 
manipulation instruction cannot be used. The 
D port becomes an input port by reset (figure 
50). 


R port data direction register (DDRO: 
$030, DDR1: $031, DDR2: $032, DDR3: 
$033): This register can select data direction 
for ports RO-R3 on a bit basis. RAM bit 
manipulation instruction cannot be used. 
When the R port data direction register is 
cleared by MCU reset, the R ports become 
input ports. However, if the data retention bit 
is 1, this register is not cleared by reset and 
the previous data is retained (figure 51). 
Note: I/O pins unused on the user system. 

If unused I/O pins are left floating, the LSI 
may malfunction because of noise. To prevent 
this, unused pins should be pulled up to Vcc 
through a resistor of approximately 100 kQ. 
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3 2 1 O 


DDRDO D3 D2 Di Do The SEM/SEMD and REM/REMD 
($ O3B) DDR DDR DDR DDR instructions cannot be used. 


_— 0 > (Initial valul) 
WO (Read/Write) 
3 2 1 O Port 1/0 selection 


DDRD1 D7 De Ds Da Data direction : 
iS Ost) ppe register pancuen 
fe ay ee ines 0 | toe 
Input 








.<——— W (Read/Write) 


3 Z 1 O 


DDRD2 Dit Dio Ds Ds 
($ 03D) DDR DDR DDR DDR 


—_———______——— 0 ———_—_—_> _ (Initial value) 





an WV a (Read/ Waite) 


3 2 1 O 
(Tala 
($ O3E) DDR DDR ; 
O O (Initial value) 
WwW WwW (Read/Write) 
Note: ‘—’ : Reserved bit 


Figure 50. D Port Data Direction Register 


2 1 O Port 1/0 selection 
DDRO ROs RO> RO: ROo Data direction Bae aen 
($ 930) DDR DDR DDR - DDR register 

* * (Initial value) 

Input 
_——_—_——_—- W —————— (Read/Write) 
: ; i 
* * 


($ 031) DDR DDR DDR 
Note 1: *; The initial value of the 


* — . (Initial value) R port data direction 
- Ww ———_ (Read/Write) register by MCU reset 
depends on the value 

3 2 1 O of the data retention 


DDR2 R23 R22 R21 R20 bit (MIS3: $004, 3). 
($ 032) DDR DDR DDR 
* * 


* (Initial value) Reset when Reset when 
power on reset | data retention 
and when data _ | bit is 1 

3 2 1 QO retention bit is O 


aren = oe oe a R port }| 0000 Retained 
data R port becomes j (R port function 


* * * (Initial value) direction| input port does not change) 
register 


—— — W- (Read/Write) 


— WO (Read/Write) 


Note 2: —; Reserved bit 


The SEM/SEMD and REM/REMD 
instructions cannot be used. 


Figure 51. R Port Data Direction Register 
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Table 13. Circuit Type of I/O Pins 


1/O common pin Input Signal 





Input data 






Vec 







STOP 


DDR 







Output data 










Input signal 





Input data RO-R3 





Output data 









SCK,1, SCKo 






STOP 


I/O Select signal 





SCK (internal) 



















Output pin R5-R8 
SEG/R select signal 
Output data 
SO;, SOo2, 
TO, (STOP="1") 
Output data 
Input pin R4 


— Input data 


Q--—be-—_- 


INTo, INT), INT2 
INT3, INTa, Sl, 
Slo, Th, Tle 
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SMR1 (Serial mode register 1) ADR = $010 


Fe a 


0  iilnitial value) 


a 
hs 
SMR2 (Serial mode register 2) 


Eee ES 


—____—— 9 ——______> 


SS B/W (Read/Write) 

D10/SQ1 pin selection 
Do/Sh: pin selection 
Ds/SCKi pin selection 


ADR = $014 


(Initial value) 


—_——_—_—__—_—_—- R/W ———_—_~ 
— 
TMR1 (Timer mode register 1) 


oe ee ee ee 


————$_$_$_$§__<_—_——— 0 ——__ > 


(Read/Write) 

Di3/SOz2 pin selection 
D12/Slz pin selection 
D11/SCK2 pin selection 


ADR = $018 


(Initial value) 


(Read/Write) 


a a 


{ 4 plexes Soba 
} R4o/INTo/Th pin selection 


ADR = $01C 





TMR2 (Timer mode register 2) 


ee 
_—_——— 0 ——_ (Initial value) 
_————_ W > _Ss (Reeadd /Write) 

} R4,/INT1/Tl2 pin selection 


TOR1 (Timer output register 1) ADR = $019 


Rae eae 
_—_—_———- 0 ——— _ Initial value) 


—$§|__—__—__ R/W ————_ (Read/Write) 


4 4. 
\ R32/TO: pin selection 
R40/INTo/Th pin selection 
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TOR2 (Timer output register 2) ADR = $01D 


Ee er 
—_— — 0 — > _ Initial value) 
—_ ——— R/W ———_ (Read/Write) 

R41/INT1/Tl2 pin selection 


LOR (LCD output register) ADR = $024 


eae es 
* * * * (Initial value) 


We oe Read Waite) 
| Pa R50-R53/SEG28-SEG25 pin selection 
R60-R63/SEG24-SEG21 pin selection 
R70-R73/SEG20-SEG17 pin selection 
R8>-R83/SEG16-SEG13 pin selection 


PMRA (Port mode register A) ADR = $02E 


eee Pe ee 


———— 0 ——-——— (Initial value) 


sage a AY 


(Read/Write) 

| fs Do/INT2 pin selection 
D:/INT3 pin selection 

D2/INTa4 pin selection 


Reset when data 
retention bit MIS, is “1” 


Reset by power-on reset 
or when data retention 
bit MIS3 is “O”. 


LCD 0000 
output SEG/R port pins become 
register R port pins 


EMBATT Bin PMRA | pin PMRA |p... 
selection selection selection 
Po f[ mom [| o | om fo} | 
cdi INT ee IN 


Retained 
(SEG/R port does not 
change} 


Notes: 1. Initial value of the LCD output register depends on the value of the data retention bit. 


2. “—" : Reserved bit 


3. See section “Serial Interface” for SMR1 and SMR2, section “Timer” 
for TMR1, TMR2, TOR1, and TOR2, and section “LCD circuit” for LOR. 





Figure 52. I/O Mode Selection Registers 
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Oscillation Circuit Notes: 1. The circuit parameters are changed 
by crystal resonator and the float- 

The oscillation circuit configuration is shown ing capacitance in the board. In 

in figure 53. employing a resonator, please con- 
| sult with the engineers of the crys- 

Figure 54 shows an internal oscillation circuit tal maker to determine the actual 

block diagram. 4.5 MHz crystal;should be circuit parameter. 

attached. 2. Wiring between OSCi, OSC2, and 

elements should be as short as pos- 

Figure 55 is an example of a crystal oscillation sible, and never cross other wires. 

circuit, and its layout example is shown in (See figure 56.) 

figure 56. 


To divide 
Circuit 





Figure 53. Oscillator 


Oscillator 


Divide Timing System clock 


circuit enerator 
(divide-by-8) 2 (562.5 kHz) 





Figure 54. Internal Oscillation Circuit 


OSC, Crystal : 4.5 MHz 
, C, :TBD 
CJ Crystal C) : TBD 


VK 





Figure 55. Crystal Oscillation Circuit 





Figure 56. Crystal Oscillation Circuit 
Layout 
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Miscellaneous Register 


The function of the miscellaneous register, Data retention bit: This bit is cleared if Vcc 

shown in figure 57, is described below. voltage supply stops. This bit is set before the 

. MCU enters into stop mode. Then, if this bit is 

RESET: The RESET pin level can be read by set when the MCU recovers from stop mode 

reading the MISp bit. by MCU reset, Vcc voltage is applied during 
stop mode and RAM data is retained. 


3 2 1 O 


O at power-on, 
retained in any 


other cases. (Initial value) 


R/W R (Read/Write) 


t RESET pin level 
Data retention bit 


RAM data invalid after 
stop mode 

1 RAM data valid after 
stop mode 


Notes: 1. MISp cannot be written to. When the miscellaneous register 
is written to, MISo does not change. 
2. “—": Reserved bit. 
3. The TM/TMD instructions can be used. The SEM/SEMD and REM/REMD 
instructions can not be used. 





Figure 57. Miscellaneous Register 
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PROM Mode Pin Description 

The HD4074509 is a ZTAT microcomputer PROM. PROM mode signals are listed in table 
incorporating PROM. When the MCU enters 14, and PROM mode pin assignment. is in 
PROM mode, the MCU stops to program the figure 58. 


Table 14. PROM Mode Signals 














MCU mode _ PROM mode MCU mode PROM mode 
PinNo. Pinname 1/0 Pinname 1/0 Pin No. Pinname 1/0 Pinname 1/0 _ 

ANo | Mo | 41 R22 VO Ai | 
2 VI 42 R23 VO Ar 
3 v2 43 R30 VO Ais | 
4 V3 44 R3; VO Ata 
F IF 45 R32/TO, 1/0 —_ 
6 TEST | TEST 46 R4o/INTo/Tlh | — Vpp 
7 p1 O 47 R4,/INT;/Tl2 | Ag | 
8 $2 O 48 Vec Vec 
9 Vcc (PLL) Vec 49 SEG1 O Oo 1/0 
10 PLL(D) | 50 SEG2 Oo 0; /0 
11 PLL(P) | BF SEG3 O O2 1/0 
12 RESET | RESET | 62 SEG4 ss siOsC gti (té‘éw/OW 
13 GND (PLL) GND 63 " SEGS O Oz 1/0 
14 INT2/Do 1/0 Oo 0 54 SEG6 O Ve 
15 INT3/Dy 0 O01 0 55 SEG7 O — 
16 INTs/D2 0 02 /0 56 SEG8 O 
17 D3 /O O3 /O 57 SEG9 O 
18 Da 1/0 O04 /O0 58 SEG10 O 
19 Ds 0 Os /0 59 SEG11 0 
20 De 1/0 06 1/0 60 SEG12 O 
21. °~=«~Dy 1/0 07 (0 61 SEG13/R83.O 
22 SCK1/Dg /O OE | 62 SEG14/R82 OO 
23 Sl1/Dg 0 CE ; 63 SEG15/R8,  O —_ 
24 SO1/Di0 VO- Nec 64 SEG16/R89 0 
25 SCK2/D11 /O Vec 65 SEG17/R73,  O 
26 Sl2/D12 1/0 66 SEG18/R72_O 
27 SO2/D13 /O 67 SEG19/R7; O 
28 OSC2 0 68 SEG20/R7o  O 
29 OSC, 69 SEG21/R63. 0 
30 GND GND 70 SEG22/R62 O 
31 ROo VO Ay ; 71 SEG23/R6, 0 
32 RO 0 Ag ; 72 SEG24/R69  O 
33 RO2 /0 Ag 73 SEG25/R53.~O 
34 RO3 VO Aa ; 74 SEG26/R52.~O 
35 R10 0 As 75 SEG27/R5;  O 
36 R41 1/0 Ag | 76 SEG28/R50 OO 
37 R12 1/0 Ay 77 COM1 0 
38 R13 0 Ag | 78 COM2 O 
39 R20 1/0 Ao 79 ~~ ~+COM3 O 
40 R2, /O Ato 80 AN; | M, 





Notes: 1. I/O: Input/output pin, |: Input pin, O: Output pin 
2. Pins Oo to O4 each have two pins. Each pair must be closed when using. 
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Pins for PROM mode 


Vpp: Vpp applies program voltage (12.5 V + 
0.3 V)._ 

CE: CE inputs the control signal which 
enables PROM programming and verifying. 
OE: OE inputs the data output control signal 
for verify. 


HD404508, HD4074509 


Ao-A14: These are the address input pins of 
on-chip PROM. 

Oo-O7: These are the data I/O pins of on-chip 
PROM. 

Mo, Mi: These are used for setting PROM 
mode. PROM mode is set by bringing Mo, Mi, 
and TEST pins to low and RESET pin to high. 








Figure 58. Pin Arrangement in PROM Mode 
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Programmable ROM Programming 


The MCU enters into PROM mode by setting 
TEST, Mo, Mi, to low, and RESET pin to high 
(figure 59). 

The specification of the on-chip PROM is the 
same as that of EPROM 27256. It can be 
programmed by the standard PROM pro- 
grammer using a 80-to-28 pin socket adapter. 
In order to program the PROM using a 
general-purpose PROM programmer, the 
HD4074509 incorporates the conversion cir- 
cuit which divides a 10-bit HMCS400 series 
instruction into 5 higher bits and 5 lower bits 
as shown in figure 60. One MCU address is 
assigned to two PROM addresses. For exam- 
ple, in programming an 16 k word PROM with 
a general-purpose PROM programmer, the 
user should assign 32 kbyte address locations 
($0000-$7FFF). 





Precautions 


1. Addresses $0000 to $7FFF should be 
specified if the PROM is programmed by 
the PROM programmer. If addresses of 
$8000 or higher is accessed, the PROM 


may not be programmed or verified. Note 
that the plastic package type cannot be 
erased and reprogrammed. Unused 
address data must be set to $FF. 

2. Be careful that an index of the PROM 
programmer socket, socket adapter, and 
LSI match. Using the wrong programmer 
of socket adapter may cause an over- 
voltage and damage the LSI. Make sure 
that the LSI is firmly fixed in the socket 
adapter, and that the socket adapter is 
firmly fixed in the programmer. 

3. The PROM should be programmed with 
Vpp = 12.5 V. Other PROMs also use 21 V. 
If 21 V is applied to the HD4074509, the 
LSI may be permanently damaged. 

12.5 V is Intel’s 27256 Vpp. 


Programming and verification 

The HD4074509 can accomplish high-speed 
programming without causing voltage stress 
or degrading data reliability. The flowchart is 
shown in figure 61. For details, see “Charac- 
teristics and Applications of PROM”. 





Table 15. Mode Selection 


Table 16. PROM Programmers and 
Socket Adapters 


Pin 

Mode CE OE Vpp 0-07 PROM Programmer Socket Adapters 
Programming Low High Vpp Data input dei Type maine, ener. lype name 

DATA I/O 228 Hitachi HS450ESFO1H 
Verify High Low Vpp Data output 298 
Programming High High Vpp High impedance AVAL Corp PKW-1000 Hitachi HS450ESFO1H 
inhibited PKW-7000 
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Data 
Oo—O7 


Address 
Ao—A14 





Figure 59. PROM Mode 


$0000 HT 1 1 1 bit4 bit3  bit2 bit] bitO’ =| Lower 5 bits. 
1 1 1 


Nl 
il bitS bit8 Upper 5 bits $0000 


Vector Address 


Zero-Page Subroutine 
(64 Words) 


Pattern 
(4096 Words) 


Program 
(16384 Words) 


(Note) 


Three bits are not used. 
(Set to 111) 
Note: When this address space is read. $FF is output. 





Figure 60. PROM Mode Memory Map 


© HITACHI | 
Hitachi America Ltd. © Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 1335 


1336 








~HD404508, HD4074509 


Set Prog./Verify Mode 
Vep = 12.5+0.3 V, Vec = 6.0+0.25 V 


Program tpw = 1ms + 5% 


<verity > Address + 1 — Address 


Program toew = 3n ms 


Last 
Address ? 


Set Read Mode 
Vec = 5.0+0.5 V, Vpp = Vec £06 V 


Read 
Alt Address 


Go 


Figure 61. A Sequence of High Speed Programming 
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Characteristics and Applications of PROM 


Principles of Programming/Erasing 


The configuration of the ZTAT micros’ mem- 
ory cells are the same as that of an EPROM's 
(figure 62). Therefore they are programmed 
by applying high voltage to control gates and 
drains, which injects hot electrons into the 
floating gate. The stored electrons become 
stable since they are surrounded by an 
energy varrier of SiOz film. Such a cell 
becomes a 0 bit due to the memory threshold 
voltage change. A cell with so condensed 
electrons at its floating gate appears as a 1 
bit. 


Control gate 


Floating gate 


Drain 


Programming ( O ) 


Source 





The electron charge in memory cells may 

decrease as time goes by. This can be caused 

by: 

@ Ultraviolet light, discharged by photo- 
emitting electrons (erasure principle) 

@ Heat, discharged by thermal emitting 
electrons 

@ High voltage, discharged by a high elec- 
tric field at the control gate or drain 

If the oxide film covering a floating gate is 

defective, the erasure rate is great. Normally, 

electron erasure does not occur, because such 

defective devices are found and removed 

during testing. ; 


Control gate 
Si02 


Floating gate 


Drain 


Erasing ( 1 ) 


Figure 62. Cross-section of PROM Memory Cell 
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Programming precautions 


The PROM memory cells should be pro- 
grammed under specific voltage and timing 
conditions. The higher the program voltage 
and the longer the program pulse is applied, 
_ the more electrons will be injected into the 
floating gate. However, if an overvoltage is 
applied to Vpp, the p-n junction may be per- 
‘manently damaged. Pay particular attention 
to PROM programmer overshot. Negative 
voltage noise will cause a parasitic transistor 
effect, which may reduce break-down volt- 
age. 

The ZTAT micros are connected electrically 
to the PROM programmer through a socket 
adapter. Therefore, pay attention to the fol- 
lowings: . 

@ Confirm that the socket adapter is firmly 

fixed on the PROM programmer. 


@ Do not touch the socket adapter or the 
LSI during programming. 
Misprogramming can be caused by poor 
contacts. 


On-chip PROM reliability after pro- 
gramming 


Generally, semiconductors are reliable except 
for initial failures. To avoid failures, screening 
can be performed. Exposure to high temper- 
ature is a kind of screening which removes 
PROM memory cells with data hold failures in 
a short time. This is done to the ZTATs in the 
wafer stage, so ZTAT data hold characteris- 
tics are high. Exposing the LSI to 150 ’C after 
user programming can effectively upgrade 
these characteristics. Figure 63 shows the 
recommended screening flow. 


Programming 
Verification 


Exposure in high temperature 
without applying any power 
150°C + 10°C, 48Hr + 8Hr* 
150°C + 10°C, 48Hr — OHr* 


Confirmation of reading 
Vec = 4.5Vor5.5V 


* Exposing time is the time after the temperature 
in fireplace reaches 150°C. 


If programming erros occur continuously during programming with one PROM programmer, stop pro- 
gramming and check the PROM programmer or socket adapter. 
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a 


Hitachi engineer. 





Figure 63. Recommended Screening Flow 
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RAM Addressing Mode 


As shown in figure 64, the MCU has three 
RAM addressing modes: register indirect ad- 
dressing, direct addressing, and memory reg- 
ister addressing. 


Register Indirect Addressing: Contents of 
registers W, X, and Y (10 bits) are used as the 
RAM address. 


Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 


Memory Register Addressing: The mem- 
ory register (16 addresses; from $040 to $04F) 
is accessed by executing the LAMR and 
XMRA instructions. 


ROM Addressing Mode and P Instruc- 
tions 


The MCU has four ROM addressing modes, as 
shown in figure 65. 


Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PCi3 to PCo) with the 
14-bit immediate data. 


Current Page Addressing Mode: A page is 
256 words. By executing a BR instruction, the 
program can branch to an address in the 
current page. This instruction replaces the 
low-order eight bits of the program counter 
(PC7 to PCo) with the 8-bit immediate data. 
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When BR instruction is on a page boundary 
(256n + 255) (figure 67), executing a BR 
instruction transfers the PC contents to the 
next page according to the hardware archi- 
tecture. Consequently, the program branches 
to the next page when BR is used on a page 
boundary. The HMCS400-series cross macro 
assembler has an automatic paging facility 
for ROM pages. 


Zero-Page Addressing Mode: By execut- 
ing a CAL instruction, the program can 
branch to the zero-page subroutine area, 
which is located at $0000-$003F. When a CAL 
instruction is executed, 6 bits of immediate 
data are placed in the low-order 6 bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order 8 bits (PCi3 to PCe). 


Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and 
register B. 


P Instruction: ROM data accessed by table 
data addressing can be referred to by a P 
instruction (figure 66). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and register B. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port data registers. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and register B and also 
to the R1 and R2 port data registers at the 
same time. 


The P instruction has no effect on the pro- 
gram counter. 
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peice WwW je Ene x pei lide eee Y 
andi te liletatern te 













RAM Address 





Register Indirect Addressing 


Instruction 1st Word Instruction 2nd Word 





Direct Addressing 


Instruction 








Memory Register Addressing 


RAM Address 





Figure 64. RAM Addressing Modes 
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(JMPL) 
(BRL) 


(CALL) 
Instruction 1st Word Instruction 2nd Word 





















do 





ds d7 











de ds 





da d3 d2 qh 





Program Counter|PCi3 PCiz2 PCi1 PC19o PC3 PCs PC7 PCe PCs PCa PC3 PCz PC: PCo 


Direct Addressing 


Instruction 


PCi3 PCi2 PCi1 PC10 PC9 PCs PC7 PCe PCs PCs PC3 PC2 PCi PCo 


Current Page Addressing 


(BR) 









Program Counter 


Instruction 







Program Counter |PC13PC12PCi1 PCio PCa PCa PC7 PCe PCs PCa PC3 PC2 PC: PCo 


Zero Page Addressing 


Instruction 





Program Counter|PCi3PC12 PC11 PC10 PCa PCs PC7 PCs PCs PCa PCs PC2 PC; PCo 


Table Data Addressing 


Figure 65. ROM Addressing Mode 
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Instruction 


Register B Accumulator 


Referred ROM Address 


lf ROs=1 


Output Register R1, R2 |R23; R22 R21: R20}/R13 R12 R11 Rilo 


Pattern 





Figure 66. P Instruction 


256 (n — 1) + 255 
BR AAA 256n 


AAA NOP 


256n + 254 
256n + 255 
256 (n + 1) 





Figure 67. Branch Destination of BR 
Instruction on the Boundary 
between Pages 
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Instruction Set 6. Compare instructions 
7. RAM bit manipulation instructions 
The MCU provides 101 instructions which are 8. ROM address instructions 
classified into 10 groups as follows: 9. Input/output instructions 
1. Immediate instructions 10. Control instructions 
2. Register-to-register instructions 
3. RAM address instructions Tables 17-26 list their functions, and table 27 
4. RAM-register instructions is an opcode map. 
5, 


Arithmetic instructions 





Table 17. Immediate Instructions 







































































Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Immediate LAI | 1000 1 1 ig t2 14 ion 1 tA 1/1 
Load B from Immediate LBI i 1000 0 O ig ig ty in 1 * B 1/1 
Load Memory from LMID i,d 01101 0 ig ig 4 ip it + M 2/2 
Immediate dg dg d7 dg ds dq d3 d2 dd do 
Load Memory from LMIIY i 1 Olt. O00 te aig aes a ig: ee Yak -+¥ NZ 1/1 
Immediate, Increment Y 
Table 18. Register-to-Register Instructions 

Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from B LAB O00" T. O: O: TO O70: UB: A 1/1 
Load B from A LBA O°O TV 1 OO: 4° 0. OO" (As oe'B 1/1 
Load A from W LAW 0100000000 W :A 2h2 

000000000 0 (Note) 
Load A from Y LAY 001.07 0 T1711 1 ¥ #A 1/1 
Load A from SPX LASPX 000131031000 SPX :A Fe 
Load A from SPY LASPY 0001011000 +SPY :A 1/1 
Load A from MR LAMR m 1001 1 1 mgmzm;mq MRim) +A 1/1 
Exchange MR and A XMRA m 10111 1 mgmgmymq MRim)::A 1/1 
Note: An operand is automatically provided for the second word of LAW and LWA instruction by assembler. 
@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 1343 





HD404508, HD4074509 





Table 19. RAM Address Instructions . 
. Words/ 















































Operation Mnemonic Operation Code Function Status Cycles 
Load W from Immediate LWI i 00111100 % io 1 + W 1/1 
Load X from Immediate LXI 1 1000 1 O ig i2 i; i9 i +X 1/1 
Load Y from Immediate LYI i 1000 0 1 ig i2 11 ig 1 *° Y 1/1 
Load W from A LWA 0100010000 A:W 2/2 

0000000000 (Note): 
Load X from A LXA 0011101000 A:+xX 1/1 
Load Y from A LYA 0011011000 A:+Y 1/1 
Increment Y | lY OO: 0° 1. OF OE OO Nae Y NZ 1/1 
Decrement Y DY Or 20s a! Os tis ete) eed Bey NB 1/1 
Add A to Y AYY 0001010100 Y+tA +¥ OVF 1/1 
Subtract A from Y SYY 0011010100 Y-A :¥Y NB 1/1 
Exchange X and SPX XSPX 0000000001 X=+ SPX 1/1 
Exchange Y and SPY XSPY 0000000010 Y= SPY 1/1 7 
Exchange X and SPX,Y XSPXY 000000001 1 + =X+SPX, Y~SPY 1/1 
and SPY 


Note: An operand is automatically provided for the second word of LAW and LWA instruction by the assembler. 
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Table 20. RAM-Register Instructions 





















































Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Load A from Memory LAM(XY) 001003100y x M :A, 1/1 
(X+SPX, Y--SPY) 
Load A from Memory LAMD d 0110010000 M:A 2/2 
dg dg d7 dg ds d4 d3 do d; do 
Load B from Memory LBM(XY) 00010000 y x M :B, 1/1 
(X+SPX, Y-SPY) 
Load Memory from A LMA(XY) 001003101 y x A +M, 1/1 
(X-+SPX, Y-SPY) 
Load Memory from A LMAD d 011003103100 A:M 272 
dg dg d7 dg ds dq d3 do di do 
Load Memory from A, LMAIY({X) 000101000 x. A+M, ¥+1°Y NZ 1/1 
Increment Y (X—-SPX) 
Load Memory from A, LMADY(X) 0013103131000%x A+?:M, Y-1-+Y NB 1/1 
Decrement Y (X-SPX) 
Exchange Memory and A XMA(XY) 00100000 y x M~A, 1/1 
(X-SPX, Y-SPY) 
Exchange Memory and A XMAD d OF 0:Ow 0: 0. 6 OO. Mien 2/2 
dg dg d7 de ds da d3 dz di do 
Exchange Memory and B XMB(XY) 00110000y x M=-B, 1/1 


(X+-SPX, Y-SPY) 


Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of LAM (XY) is given below). 
The op-code X or Y is assembled as follows: 











Mnemonic Y X Function 

LAM 0 0 

LAMX 0 1 X —~ SPX 

LAMY 1 0 Y — SPY 

LAMXY 1 1 X-+SPX, Y-SPY 


(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of LMAIY(X) is given below). 
The op-code X is assembled as follows: 





Mnemonic xX Function 
LMAIY O 
LMAIYX 1 X — SPX 
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Table 21. Arithmetic Instructions | 
Words/ 
















































































Operation Mnemonic Operation Code Function Status Cycles 
Add Immediate to A Al i 10100 0 ig ig iy in AtinA OVF 1/1 
Increment B ‘IB 0001001100 B+i1-B NZ 1/1 
Decrement B DB 001100111 1 B-1-+>8 NB 1/1 
Decimal Adjust for Addition DAA 00103100110 1/1 
Decimal Adjust for Subtraction DAS 0010310101 0 1/1 _ 
Negae a _ NEGA 0001100000 A+1-+A 1/1 
Complement B COMB 0101000000 8B :B 1/1 
Rotate Right A with Carry ROTR 0010100000 | 1/1 
Rotate Left A with Carry ROTL 0 O 1 010000 1 1/1 . 
Set Carry SEC 0011101114 1 ~«4 CA 1/1 
Reset Carry REC 0011101100 0 :+CA 1/1 
Test Carry TC 000110111 ~=1 CA Wt 
NAG A toMamory AM 0000001000 M+tA = OVF 1/1 
Rad Miocene AMD d 0100001000 M+t+A>-A OVF 2/2 
dg dg d7 de ds dq d3 do di do 
Add Ate Nienea wihcane AME: 0000011000 M+A + CA A OVF Wt 
OVF +CA 
Add A to Memory with Carry AMCDd 0100011000 M+A+CA:+A OVF 2/2 a 
dg dg d7 dg d5 dg d3, d2 d} dg OVF + CA 
Subtract A from Memory SMC 0010011000 M-A-CA:A NB Wy 
with Carry NB +*CA 
Subtract A from Memory SMCD d 0110011000 M-A-CA +A NB 2/2 _ 
with Carry dg dg d7 dg ds dg d3 d2 d; do NB «CA 
OR A and B OR 0101000100 AUB~A 1/1 
AND Memory with A ANM 00100311100 ANM-A NZ 1/1 
AND Memory with A ANMD d 0 1 0011100 ANM :A NZ 2/2 
dg dg d7 de ds da d3 d2 dj do 
OR Memory with A ORM 0000001100 AUM-A NZ 1/1 
OR Memory with A ORMD d 0100001100 AUM+A NZ 2/2 
dg dg d7 dg ds da d3 do di do 
EOR Memory with A EORM 0000011100 ALM :A NZ 1/1 
EOR Memory with A EORMD d 0100011100 AGM+A NZ 2/2 


dg dg d7 deg ds da d3 dz di do 


Note: 1: Logical AND 
U : Logical OR 
‘+,: Exclusive OR 
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Table 22. Compare Instructions 


























Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Immediate Not Equal INEM i 00001 O ig ip i} ip i # M NZ 1/1 
to Memory 
Immediate Not Equal INEMD i,d 0 100 1 O 13 I2 i, Io i+ M NZ 2/2 
to Memory dg dg d7 deg ds dq d3 d2 d; do 
A Not Equal to Memory ANEM 0000000100 A+M NZ 1/1 
A Not Equal to Memory ANEMD d 0100000100 A+M NZ 2/2 
dg dg d7 de ds dq d3 do d; do 
B Not Equal to Memory BNEM 0001000100 B+M NZ 1/1 
Y Not Equal to Immediate YNEI : 0001 1 1 13 i2 4 Io Y#i NZ 1/1 
Immediate Less or Equal ILEM i 000 0 1 1 ig ip iy ig isM NB 1/1 
to Memory 
Immediate Less or Equal ILEMD i,d 0100 1 1 i3 l2 14 Ip isM NB 2/2 
to Memory dg dg d7 dg ds dq d3 do d; do 
A Less or Equal to Memory ALEM 000 0 0.1.50 1 0-0 AsM NB 1/1 
A Less or Equal to Memory ALEMDd 0100010100 AsM NB 2/2 
dg dg d7 dg ds da d3 do d; do 
B Less or Equal to Memory BLEM 0011000100 BsM NB 1/1 
A Less or Equal to Immediate ALE i 101 0 1 1 i3 12 1 Io A Si NB 1/1 
Table 23. RAM Bit Manipulation Instructions 
Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Set Memory Bit SEM n 001000 0 1 ning 1 + M(n) 1/1 
Set Memory Bit SEMD n,d 0110000 1 nj nO 1 + M(n) 2/2 
dg dg d7 de ds dq d3 do d} do 
Reset Memory Bit REM n 001000 1 0n; no O +Min) 1/1 
Reset Memory Bit REMD n,d 0110001 0n1 19 O + M(n) 2/2 
dg dg d7 dg ds d4 d3 do d; do 
Test Memory Bit TM n 001000 1 1 nj nO M(n) 1/1 
Test Memory Bit TMD n,d 0110001 1n1 10 Min) 2/2 


dg dg d7 dg ds d4 d3 d2 d; do 
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Table 24. ROM Address Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
Branch on Status 1 BR b 1 1 b7 be bs by b3 b2 by bo 1 1 
Long Branch on Status 1 BRL u 010 1 1 1 p3p2pi1 po 1 2/2 

dg dg d7 dg ds dg d3 d2 d; do 
Long Jump Unconditionally JMPLu 01010 1 p3p2p1po . 2/2 

dg dg d7 de ds da d3 do di do 
Subroutine Jump on Status 1 CALa O 1 1 #1 as aq a3 az ay ag i 1/2 
Long Subroutine Jump on CALL u 010 1 1 0 p3p2Pp1 po 1 2/2 
Status 1 dg dg d7 dg ds da d3 d2 d; do 
Table Branch TBR p 00 10 1 1 p3p2p1 po _ 1/1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 000001000 1 ay: ST 3 

CA Restore 
Table 25. Input/Output Instructions Words / 
Operation Mnemonic Operation Code Function Status Cycles 
Set Discrete I/O Latch SED 001110010 0 1 + D(Y) 1/1 
Set Discrete !/O Latch Direct SEDD m 101 1 1 0 mg m2 mm 1 ~ D(m) 1/1 
Reset Bisérete [/O Latch RED 0001100100 O -- D(Y) 1/1 
Reset Discrete |/O Latch Direct REDD m 100 1 1 0 m3 m2 mm O + D(m) 1/1 
Test Discrete |/O Latch TD 0011100000 D(Y) 1/1 
Test Discrete !/O Latch Direct TDD m 1010 1 0m3m2m,m - Dim) 1/1 
Load A from R Port Register LAR m 10 O 10 1 m3 m2 mmo R(m) -~ A 1/1 
Load B from R Port Register LBRm 100100 fa ciate R(m) — B 1/1 
Load R Port Register from A LRA m 101 1 0 1 m3 m2 m, mo A ~ R(m) 1/1 - 
Load R Port Register from B LRBm 101 1 0 0 mg m2 m mo B -+ R(m) 1/1 
Pattern Generation Pp O11 0 1 1 pg p2 pi Po 1/2 
Table 26. Control Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 
No Operation NOP 0000000000 4/1 
Start Serial STS 0101001000 1/1 
Standby Mode SBY 0101001100 1/1 
Stop Mode STOP 010100110 1 1/1 
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Table 27. Opcode Map 







ee eee i eal 
eM We = oe 


1 RNIN ~~ er LWA 





























































































































INEM i(4) INEMD i(4) 
LEM SC‘ ILEMD i(4) 

pal LBM(XY) ee ee STS sBYBTOF 
pe ee fas wal i JMPL p(4) 

6 ol pl cau 

7 YNEI i(4) BRL p(4) 
gl xma(xy) | SEM n(2) | REM n(2) |) TM n(2) wo | SEMD n(2) | REMD n(2) | TMD ni(2) 

9} LAM(XY) LMA(XY) SMC ANM av) AD SMO OM a 
Ak fel els Del, eae = LMID i(4) 

B TBR p(4) | p pla) 
oper a 40 
ae 

3 
4 

5 
6 

1/7 BR b(8) 

8 Al i(4) 7 
9 LMIIY i(4) | 
A TDD m(4) 7 
B ALEI i(4) 

C LRB m(4) 

D LRA m(4) RA 
E SEDD m(4) 

F XMRA m(4) oa 





‘ -1-word/2-cycle [ _}--1-word/3-cycle [__]|--RAM Direct Address Fr __}---2-word/2-cycle 
instruction instruction Instruction Instruction 
(2-word/2-cycle) 
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Absolute Maximum Ratings 








item Symbol Constant Unit Notes 
Supply Voltage Vec -0.3 to + 7.0 V 
Programming Voltage Vpp -0.3 to + 14.0 V 2,8 
Terminal Voltage Vr -—0.3 to Vcc + 0.3 V 
Total Allowance of Input Current | = lo 50 mA 3 
Total Allowance of Output Current — 3 Io 50 mA 4 
Maximum Input Current lo 4 mA 5, 7 
Maximum Output Current — lo 4 mA 6,7 
Operating Temperature Topr —40 to + 85 1G 
Storage Temperature Tstg —~55 to + 125 ‘Cc 
Storage Temperature (bias) Tbias -~45 to +90 ‘Cc. 8 
Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 
should be under the conditions of electrical characteristics. If these conditions are exceed- 
ed, it may cause a malfunction or affect the reliability of LSI. 
2. R4o/INTo/Thi (Ver) 
3. Total allowance of input current is the total sum of input current which flows in from all I/ 
O pins to GND simultaneously. 
4. Total allowance of output current is the total sum of the output current which flows out 
from Vcc to all 1/O pins simultaneously. 
5. Maximum input current is the maximum amount of input current from each I/O pin to GND. 
6. Maximum output current is the maximum amount of output current from Vcc to each 1/O 
pin. 
7. RO-R3, R5-R8, Do-Di3, 41, 62. 
8. Applied for the HD4074509. 
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Electrical Characteristics 


DC Characteristics 
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(Vcc = 5V + 10 %, GND = 0 V, T. = —40 to + 85°C, unless otherwise noted) 
item Symbol Pins Min Typ Max Unit Test Condition Note 
Input High Vin RESET, 0.8 Vcc Vec + 0.3 V 
Voltage INTo, INT1, 
INTs, INT3, 
INT, Th, 
Tle, SCK;, 
SCKo, Shy, 
Slo 
Input low Vit sa © Pee. 0.2 Vcc V 
Voltage 
Output High Vou SCK;,SCK2, Vec-1.0 V —lox=1.0mA 
Voltage SO,, SOo, 
TO, 
61, ¢2 0.5 Vcc V —lon=2mA 
Output Low Vor SCK;,SCKo, 0.4 V lol =1.6mA 
Voltage SO;, SO2, 
TO, 
$1, $2 0.4 V lop =2mA 
Input I tye | RESET, 1 uA Vin =OV to Vec 
Leakage INTo, INT1, 
Current INT2, INT3, 
INTq, Tl1, Ta, 
SCK1,SCKo 
Three-state Its o1, 62 1 uA Vi,=OV to Vec 
Current . 
Power Dissipation Icc Vec TBD TBD mA Vec=5V, 1 
in CPU Operation fosc=4.5MHz 
* PLL halts _ 
Power Dissipation cc Vec TBD TBD mA Veco =5V, 1 
in PLL Operation CPU, PLL operating 
(fp = 160MHz) 
fosc=4.5MHz 
Power Dissipation Icpy Vec TBD TBD mA Veco =5V, 1 
in Standby Mode fosc =4.5MHz 
Power Dissipation  Istop Vec 10 uA Vec = 5V 1 
in Stop Mode a 
Stop Mode Vstop Vec 2 V 
Retain Voltage 
Notes: 1. Output buffer current is excluded. 
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Input/Output Characteristics for Standard Pins 
(Vcc = 5V + 10%, GND = 0 V, Ta = —40 to + 85°C, unless otherwise noted) 








item Symbol Pins Min Typ Max Unit Test Condition Note 
Input High Vi Do-D13 0.7 Vcc Vec + 0.3 V 
Voltage RO-R4 
Input Low Vit - 0.3 0.22 Vcc V 
Voltage 
Output High Vout Do-D13 Vec-1.0 V —lon=1.0mA 
Voltage (1) RO-R3 
‘Output Low Vout 0.4 V lol =1.6mA 
Voltage (1) 
Output High VoH2 R5-R8 Vec~ 1.0 V —lon=0.2mA 
Voltage (2) 
Output Low VoL2 0.4 V lolL=O.3mMA 
Voltage (2) 
Input/Output In| Do-Di3 1 uA Vin=OV to Vec 1 
Leakage RO-R3, R4, 
Current 
R4o (Vpp) TBD uA Vin =OV to Vcc 


Notes: 1. Output buffer current is excluded. 


A/D Converter Characteristics 
(Vcc = 5 V + 10 %, GND = 0 V, Ta = —40 to + 85°C, unless otherwise noted) 





item Symbol Pins Min Typ Max Unit Test Condition Note 
Resolution 8 bit 

Absolute +6 LSB 

Accuracy 


Liquid Crystal Circuit Characteristics 
(Vcc = 5 V + 10 %, GND = 0 V, Ta = —40 to + 85°C, unless otherwise noted) 


item Symbol Pins Min Typ Max Unit Test Condition Note 
Segment Driver Vas SEG1-SEG28 0.6 V la=3uA 1 
Descending 
Voltage 
Common Driver Vde COM1-COM3 0.3 V —~Ig=3uA 1 
Descending 
Voltage 
Supply Dividing 
Resistor 
LCD Frame fr SEG1-SEG28 274.6 — Hz STATIC 
F ne Oe eg hy errs a SS gg es ge es ee 
Ce COM1-COM3 137.3 Hz 1/2 duty 
91.6 Hz 1/3 duty 
Note 1: Descending voltage from power supply pins V1, V2, V3, and GND to the segment and 


common pins. 


@ HITACHI 
1352 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD404508, HD4074509 





PLL and IF Circuit Characteristics 
(Vcc = 5 V + 10%, GND=GND (PLL) = 0 V, T. = —40 to + 70°C, unless otherwise noted) 


item Symbol Pins Min Typ Max Unit Test Condition Note 
PLL Power Vec Vec (PLL) Vec-90.3 Vec Vect+0.3 V 

Supply Voltage (PLL) 

Input Frequency —f,,,; PLL(P) 20 as 160 MHz Viq = 0.3 Vp_p 

Input Frequency —fi,9 PLL(D) 0.4 fs 20 MHz Vin 20.9 Vex —_ 
Input Frequency f,,.3 IF 7 0.4 = 15 MHz V,, ~ 0.3 Vp_p 


AC Characteristics 
(Vcc = 5 V + 10 %, GND = OV, T. = —40 to + 85°C, unless otherwise noted) 

















item Symbol Pins Min Typ Max Unit Test Condition Note 
Clock fosc OSC, OSC» 4.5 MHz 
5 Oscillation 
= & Frequency 
n= ee ee ee ee 
2B Instruction — toy¢ 1.78 us Divide-by-8 
OO Cycle Time 
External Interrupt — ty, INTo, INT,, 2 tev 1 
Signal High, Low ty, INT2, INT3, 
Width INT, 
RESET High tRSTH RESET 2 teye Other than stop 2 
Width mode 
20 ms Stop mode 
RESET Rise trstr RESET TBD ms 2 
Time 
Input Capacity Cx All pins other 15 pF f=1 MHz, 
than R4o(Vpp) Vin =OV, 
a ae eee T,=25C 
R40(Vpp) TBD : 
Power Supply tcc TBD TBD ms 3 
Voltage Rise 
Time 


Notes: 1. See figure 68 
2. See figure 69 
3. See figure 70 
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Serial Interface Timing Characteristics 


(Vcc = 5V + 10%, GND = 0 V, T. = —40 to + 85°C, 


- At Transfer Clock Output 


item 


Transfer Clock Cycle Time 


Transfer Clock “High” 
Level Width 


Transfer Clock “Low” 
Level Width 


Transfer Clock Rise Time 





Transfer Clock Fall Time 





Serial Output Data 
Delay Time 


Symbol 


tscyc 
tSCKH 
tSCKL 


tsckr 
tsckf 


tpso 





Serial Input Data 
Set-up Time 


Serial Input Data 
Hold Time 


- At Transter Clock input 


item 


Transfer Clock 
End Detection Time 


Transfer Clock “High” 
Level Width 


Transfer Clock “Low” 
Level Width 





Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data 
Set-up Time 


Serial Input Data 
Hold Time 


Notes: 1. 


. See figure 72 


See figure 71 


tss| 


tus 


Symbol 


tsCKHD 


tSCKH 


tscKL 


tsckr 


tsckf 





toso 


tssi 


tus! 


Pins Min 


SCK;, SCK2 1 
SCK;, SCKy 0.4 


SCK,, SCK> 0.4 


SCK1, SCKyz — 
SCK,, SCK2 — 
SO;, SOQ2 — 
Sh, Slo 300 
Sl,, Slo 150 
Pin 

Name Min 
SCK, SCK2 1 


SCK,, SCK20.4 
SCK1, SCK2 0.4 


SCKy1, SCK2 — 
SCKi, SCK2 — 


SO;,SO2. — 


Sli, Sl2 300 


Sli, Sle 150 


Max 


100 
100 
300 


Max 


100 
100 
250 


Unit 


teye 


tscyc 


tScyc 


Unit 


teye 


teye 


teye 


unless otherwise noted.) 


Test 
Condition 


Load 
circuit 
in Fig. 
72 


Test 


Condition 


Load 
circuit in 
Fig. 72 


Note 
1,2 


1,2 


1,2 
1,2 


1,2. 


2 
3. Transfer clock end detection time is an input transfer clock high level width after 8 transfer 
clock inputs. If the following clock is input before this, the serial interrupt request flag may 


not be set. 
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INTo, INT), 
INT2,INTs3,. 
INT4 





Figure 68. Interrupt Timing 


RESET 





trstr 


Figure 69. Reset Timing 





Figure 70. Supply Voltage Rise Time 
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SCK,, SCK, Vec—2.0V(0.8Vcc)” 
0.8V(0.2Vec)* 


*Vec—2.0V and 0.8 V are the threshold voltage for transfer clock output. 
0.8 Vcc and 0.2 Vcc are the threshold voltage for transfer clock input. 





Figure 71. Serial Interface Timing 


Vec 


RL =2.6kQ 
Test 
Point 


Cc R 1$2074@ 
30pF 1wkAT Equiv. 





Figure 72. Timing Load Circuit 
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Programming Electrical Characteristics for HD4074509 


DC Characteristics 
(Vcc = 6 V + 0.25 V, Vep = 12.5 V + 0.3 V, Vss = OV, Ta = 25°C + 5°C, unless otherwise 
noted) 














Item Symbol Min Typ Max Unit Test Condition 
Input high voltage Oo—O7, Ao—Aia, OE, CE Vin 2.2 Vect+0.3 V 

Input low voltage Oo—O7, Ago—Ai14a, OF, CE Vy -0.3 0.8 — V 

Output high voltage Oo—O7 Vou 2.4 V lon = —200 vA 
Output low voltage Oo—O7 VoL 0.4 V lo. =1.6 mA 
Input leakage current Oo—O7, Ao—Ata, OE, CE |Ik| 2 uA Vin =5.25 V/0.5 V 
Vec current lec 30 mA 

Vep Current Ipp 40 mA 


AC Characteristics 
(Vcc = 6 V + 0.25 V, Vee = 12.5 V + 0.3 V, Ta = 25°C + 5'C, unless otherwise noted) 








item Symbol Min Typ Max Unit Test Condition 
Address set-up time tas 2 us Fig. 73 
SS ee Se Input Pulse level: 
OE set-up time toes 2 us 0.8-2.2V 
$s Input rise/fall 
Data set-up time tos 2 us time = 20 ns 
Timing reference 
Address hold time tay O us level . 
sl a ee SNP OV OY 
Data hold time toH 2 us | output: 0.8 V, 2.0V 
Data output disable time tor 130 ns 
Vpp set-up time tves 2 us 
Program pulse width tew 0.95 1.0 1.05 ms 
CE pulse width when overprogramming topw 2.85 78.75 ms 
Vcc set-up time tvcs 2 us 
Data output delay time toe 6) 500 = ns 
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Program ‘Verify 


Address 


SS 
a In Stable Data Out Valid ]} 
SSE ee 

| 





Figure 73. PROM Programming/ Verify Timing 
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Package Dimensions 
Unit: mm (inch) 


FP-80B 


24.8 + 0.4(0.976 + 0.016) 2 Imax 
(0.114max.) 









18.8+0.4(0.740 + 0.016) 





+ 
: 25201 | paisa) ) — 
0.8(0.031) (0014 +0 004) 9.15 + 0.05 


a a ae a 
_f mM ; eae = aaa 
te 
\.240.2 : 
(0.047 0.008) 0.15 (0.006) 
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